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PREFACE. 


M any ye^rs agp, when reading for various examina- 
tions in Hygiene and Sanitary Science, and especi- 
ally when preparing other candidates for such examinations, 
the Author felt the necessity of some Series such as lie now 
presents to students. It was then that he conceived the 
plan of the present work, athough its scope has vastly 
exceeded the limits originally intended, and no pains have 
been spared to make it acceptable to students. 

When the idea was seriously taken in hand, it was not 
conceived possible for it to attain its present magnitude, 
but it grew page by page, until it now speaks for itself. 

Ill a work which contains so much matter of fact, it is 
almost inevitable for a first edition to contain a certain number 
of errors ; these, however, will most fi'equently be found to 
be of a clerical or typographical natui*e, and it is hoped that 
should the Series pass through a second edition all such 
errors will be eliminated ; and in this connection, it is un- 
necessary here to allude to the many difficulties which an 
Author in an up-country station in India has to contend 
with in regard to passing a work of this kind through a 
non-medical press situated in a Presidency town. This 
Series is the product of fifteen years^ work, and during a 
large part of this time the Author has been directly engaged 
either as a teacher of Hygiene or as a Sanitary Officer. 

The earlier stage of the collection of the matter was 
not connected with the out-put of this Series, as the notes 
culled from various sources were for the writer’s personal 
use. In this way, in making such notes and abstracts from 
various works, he omitted in some instances to record the 
names of Authors quoted. For this omission he apologkes 
The appended list of books will indicatS that practi- 
cally every important work on the subject of water and 
water-supplies has been consulted in the preparation of this 
Part I — Water — of this Series, 

The Author cannot express sufficiently the degree of 
his obligations to the various writers whose works he has 
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made use of. He desires especially to express his indebted- 
ness to the following works : — 

Paeos’ Practiced Bygicne, 7th Ed.t edited hy Prof, F. de Chau- 
MONT. 

Goedon Buck’s Hygiene and Public Health, 

Stevenson and Muephy’s Treatise on Public Health, VoU. I and IJ. 
Louis Paekes* Hygiene and Public Health, 8rd Ed, 

Wilson’s Handbook of Hygiene, Qth Ed, 

Macdonald’s Microscopical Examinations of Drinking Water and 
of Air. 

Wanklyn’s Water Analysis . 

Frankland’s do, do. 

Husband’s Medical Police, 

WnxouGHBY’s Hygiene and its Principles, 

Allen’s Aids to Public Health, Part I. 

Newsholme’s Hygiene. 

Blyth's Dictionary of Hygiene and Public Health ; the same 
Author’s Hygiene and Public Health. 

Beabdmoeb’s Hydrology. 

Jackson’s Hydraulic Man^wJ. 

Pepper’s System of Medicine. 

Aitkin’s Science and Practice of Medicine, 

Various Volumes of the Sanitary Becord. 

Lbuckart’s Parasites of Man. 

Spon’s Dictionary of Engineering, 

Bankine’s Civil Engineering. 

Shirley Murphy’s Our Homes and How to TaJee Care of Them, 
Baldwin Latham’s Sanitary Engineering. 

Daschasenel’s Natural Philosophy. 

Fanning’s Treatise on Hydraulic and Water-Supply Engineering. 

A more complete Bibliography is published at the end of this 
volume. 

P. H. 


Hyderabad, Deccan, India, 
March 1894, 
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CHAITKH J. 

l.-^What is tlie composition of water ! 

Water is a compound of two gases, oxygen and hydrogenp 
iu the proportion of one volume of the former to two of the latter. 
This is shown by splitting up w^ater into its elements, which may 
bo effected by means of the two poles of an electrical apparatus ; or 
by bringing the two gases together in proper quantities, and passing 
an electric spark through them : water is then formed, the two gases 
combining to form it — its clicmical formula being H»0. 

2 - — What are the physical characters of water ? 

Pure water is a tasteless, odourless, and transparent fluid, and^ 
with the exception of a faintly bluish tinge when viewed through 
a depth of two or three feet, it is colourless. It boils at a tem- 
perature of 212'’ F. (under the ordinary barometric pressure of 
760 millimetres of mercury), and freezes at 02° F. It contracts regu* 
larly until it reaches a tempeiuture of 4'’ C., but below this temper- 
ature it begins to expand and continues to do so until it freezes. In 
this physical property we see that it is affected in a manner dis^ 
similar to all other compounds, and upon this physical peculiarity 
depends the fact that in certain, parts of the world, at particular 
periods of the year, the water of certain seas and rivers does not oongeul . 
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m masse. It forms a oonrenient standard with which to compare 
the specific gravity of liquids, water being reokoned as unity* 

3 * — What are the special physical properties of water as regards its 
weight, pressure, and motion ? 

If we consider those qualities of water that have reference to its 
weight, its pressure, and its motion, we shall observe, especially, 
thet the volume of the liquid Is composed of an immense number of 
miaute p^ticles ; that each particle has weight individually ; that 
each particle can receive and transmit the effect of weight, in the 
form of pressure, in all directions ; and that the particles move past 
and upon each other with very slight resistance. Each molecule 
has its individual weight, and is subject, independently, to the force 
of gravity. Each molecule presses in any direction from which a 
Bumcient resistance is opposed, with a pressure due to the combined 
natural pressures of all molecules acting upon it in that direction, 
and also with the pressure transmitted through them from any 
exterior force. In treatises on hydrostatics, propositions relating 
to pressures of fluids are commonly stated in some form similar to 
the following : “ When a fluid is pressed by its own weight, or by 
any other force at any point it presses equally in all directions.'’ 

4k> — What should he the characteristics of a good ' and wholesome 
water ? 

(1) It should be limpid, odourless, preferably colourless, and 
transparent, cool, well aerated, bright, soft, and free from taste and 
suspended matter of any sort. It should also be fresh, and its 
temperature not higher than 15° C. 

(2) It should contain no animal or vegetable matter, especially 
if such matter is decomposing. 

(3) It should not contain an undue amount of solid constituents, 
especially when such constituents are salts of lime or magnesium. 
The amount of solids should not exceed eight grains per gallon, one 
grain of which should be alone dissipated by heat. In chalk waters 
the solids should not bo more than fourteen grains per gallon. 
Wanklyn, however, holds that unless a water contains more than 
forty grains of solids per gallon, no exception need be taken to the 
floHas as such. 

. (4) It should be practically free from nitrogenous organic 
m^ter, the “albuminoid ammonia” being less than 0 05 parts per 
mUlion, and a water should be regarded with suspicion, which, along 
with a considerable quantity of free ammonia, yields '05 part of 
i^uminoid ammonia per million. 

(5) After being kept some time in either an open or closed vessel 
it iftMmld not acquire any disagreeable odour. 

(6) It should be destitute of bacteria, infusoria, white algss, and 
cMlir liring organisms. 
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(7) The air that it ought to hold in solution should contain a 
^larger proportion of oxygen than ordinaiy air. 

(8) A litre of the water should not contain more than— 


Mineral salts 

. . 0‘5 gramme, 

Chlorine 

. . . 0-008 „ 

Sulphuric anhydride . . . 

. . 0-06 

Nitric anhydride . . 

. . . 0*002 

Alkaline salts 

. . 0-2 

Silica 

. . . 0-03 

Iron 

. . 0-003 

Sulphuretted hydrogen 

. . . none at all. 


*5. — What are the characteristics of welUaerated vmter t 

It is lustrous, sparkling, bright, and highly palatable. 

6 . — Where arc such waters generally found ? 

In springs and in wells of moderate depth, sunk in chalk stmta. 
In these the high pressure and comparatively low temperature help 
to increase the quantity of carbonic acid gas held in solution. 

y.^Glassiftj waters as regards their wholesomeness and palatahility * 

The comparative merits of the various waters in respect of 
wholesomeness, palatability, and general fitness for drinking and 
cooking purposes, are given in the following table : — * 

fl. Spring water ...I Very 

'Wholesome ] 2. Deep well water ... ) palatable. 

(.3, Upland surface water ..1 Moderately 

C4>, Stored river water ...1 palatable. 

Suspicious < 5. Surface water from cultivated 

(. land ... I 

1 6. lliver water to which sewage f l^alatable. 
Dangerous < gains access ... | 

'( 7. Smaller well water ...J 

.8 - — How may we classify waters for practical purposes f 
^ Into— ♦ 

(1) Pure and wholesome water. 

(2) Usable water. 

(3) Suspicious water. 

(4) Impure water. 


Vide Sixth Report of the JRivere Pollution Conimieeionere, 
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are potable waters ? 

Waters which are fit for habitual use for drinking purposes^ 
-either in the natural condition, or after having been subjected to 
such simple processes of purification as subsidence and filtration. 

11. — What 18 the significance of the term “ pure^* as applied to 
water ? 

The term ** pure ” as applied to water is used in two distinct 
senses, — one in which the water is chemically pure, and in which it 
•oontains nothing but water ; the other in which it is hygienicaMy 
pure, and in which, although certain foreign constituents arc 
dissolved or contained in the water, they are not in sufficient 
quantities to produce any deleterious effect on the human economy. 
The extmneous constituents of a hygienically pure water arc 
not only harmless, but are actually beneficial. A chemically pure 
water is not suitable for constant use as a beverage. 

Absolute chemical purity, in the sense of freedom from all 
foreign substances, is neither possible nor desirable. The surface- 
Waters of uninhabited granitic and gneissic regions are often 
very free from foreign matters ; but even they, in their passage 
through the air and over the ground, dissolve gaseous and solid 
substances. Most of the mineral substances which make up the 
earth’s crust are cither njore or less soluble in water, or are 
decomposed by water with the production of soluble compounds. 
The more common mineral substances tims occurring in natural 
water are the chlorides, sulphates and carbonates of sodium, 
potassium, magnesium, and calcium, together with silica, alumina, 
and iron, in some form of combination. Organic matter of animal 
or vegetable oi'igin also occurs in most waters ; it is various in 
character, and of very diverse sanitary importance. 

12 . — What are the purest natural tvaiera 

Rain and snow water collected on a clean and prepared surface 
situated remote from habitations ; it contains but little solid matter 
and traces of NHg, nitrite.s and nitrates, some 0, N, and CO* 
in solution ; lake water of mountainous regions as Lake Katrine 
near Glasgow, and the lakes of Westmoreland ; similar water in 
low mountainous regions. 

13. — Is pure waier to he found in nature ? 

The nearest approach to purity in nature fe rain water falling 
in rural districts and collected in clean vessels. Chemically pure 
water is unknown in nature, and can only with difficulty be prepared, 
bistilled water is the purest water obtainable, but even teds is 
free from all foreign constitgtents. 

X%.Sow may we obtain perfectly p%ire water ? 

It can only be artificially prepared by very careful distillation 
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ia tlie chemist’s laboratory— the clearest ice^ the most transparent 
rfdn water, the whitest snow, all contain air and certain mineral and > 
ornate matters althoagb m small quantities only. 

may he said with reyard to the revolutionr of water fiwn 
the time it haves the ocean till it returns ? 

That all the water of the earth has performed this cycle over 
and over again, and as regards its relation to the animal kingdom, it 
may be stated that there is no reason to doubt that every drop of 
water on the surface of the earth has, at one time or other, passed 
through the intestinal canal of some animal, just as every cubic 
inch of the atmosphere has been breathed over and over again. 

16 . — What may he said in regard to the advisability of providing a 
comnmnity ivith a permanent supply of wholesome water f 

It ought to be a recognised principle of sanitation, that 
wherever a permanent supply of good water is available, it should ba 
provided for the people. No reasonable amount of labour or expense 
should be spared to get water from a pure source. It is only by so 
doing that we can entirely remove from the lower classes the power 
of polluting water supplies. Locked up in water pipes, the water 
cannot be got at. It is thus that we shall help to lessen, if we can* 
not stamp out, the ravages of cholera and other diseases communi- 
cable by water, such as enteric fever, etc. We must remember 
that a deficiency of pure water in a comn\unity brings about accumu- 
lation of filth in all its forms, with all its evils. 

Vi,^What are the uses of water ? 

The uses of water in civilised communities are many : — 

(1) It ia an essential part of our daily food. It serves to effect 
the excretion of effete products from the body, and helps to lubricate 
and build up the tissues. By its evaporation from the surface of 
the body it cools the system. It is really more important than food 
itself : for without it, food could not be used. It is necessary to aid 
in dissolving, digesting and assimilating the food, which, through 
these processes, is so altered as to be rendered fit for circulating 
through the body. For these reasons alone the vital importance (3 
water m the animal economy is evident. It forms about 66 per cent, 
of the whole body, or in plainer terms, a man weighing 154 lbs. has 
in his body about 12 gallons of water, that is, enough to drown him 
if suitably ganged. It forms one of the chief constituents of the 
juices and tissues of the human body. 

(2) It is the closest approach yet discovered to the long-sought* 
for Universal solvent (of tne alchemists). 

(S) It is necessary for personal cleanliness. This is perhaps the 
best place to remark upon the necessity of public bathing places. 
This cannot be too strenuously insisted upon, and the water in these - 
ehould, if possible, be kept clean by constant removal and periodical 1 
deunein^ of the baths. 
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(4) At ahonseliold requirement, it is used for cooking, fordleaii* 
ing atensile, floort» etc. 

(5) It is necessary for washing onr linen. 

(6) For public purposes, it is used for watering streets a^ 
extinguishing hres. Among the greater advantages of an atnpm 
supply of water be enumerated the cleansing of drains effected 
by copious daily flushing. The semi-fluid putrid material found 
slugj^shlj flowing in sewers is no small factor in the production 
of disease amongst communities. The great object of sewers is to 
remove, with as little delay as possible, the foul refuse of our bodies 
and houses from our surroundings, and this can only be effected 
by regular periodical flushing. After the introduction of an ade- 
quate public water-supply to towns, were it rendered compulsory, 
that every house tenant, stable, etc., should be furnished with water 
from this source, irrespective of private or public wells, it would go 
far to improve the sanitary condition of the towns, to promote 
health ana lessen disease and mortality. 

(7) It is required for drinking purposes for horses and other 
domestic animals, as well as for washing these animals and cleaning 
carriages. 

(8) It is also required in manufacturing processes. But its uses 
do not end here. Taking advantage of its incompressibility in the 
liquid form, and its elasticity in the gaseous state, by it we are 
enabled to carry out our most powerful mechanical processes. In- 
directly it purifies the soil and air. The rain clears the air by wash- 
ing it, and finally the rain washes the soil. 

Water has also its therapeutical uses. In cases of fever, especially 
those fevers associated with high temperature, it affords a direct 
means of getting rid ot the excessive heat of the body. We need 
scarcely be reminded that cold water is one of the best available 
means of reducing local inflammations. It would be out of place to do 
more than merely mention the part played by the waters of the dif- 
ferent Spas of Europe. Its various applicabilities in these institutions 
is due, however, in part to the extraneous agents the water contains. 

To effect all these purposes, a liberal supply is required, and a 
really hygienic state of a house, its surroundings and inmates 
cannot exist without such a supply. A community will, as a rule, 
be found unhealthy in proportion as its supply of water is scanty. 
Such scantiness means imperfect cleansing, together with, in a great 
many oases, impurity in quality. Water is a unj^rsal beverage, and 
when pure, it is perhaps the only one necessary for persons in 
health. 

X^.-^What 18 tlie relation of toater to the human body, and what pari 
does it play as a food ? 

It is both a food and a solvent. 0 Ur tissues and organs contain 
much water^ part of which is free and unoombined, the other part is 
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in (ilose union with them ; one part soaka and imbues the tissues 
and organs, the other forms part of their structure. An adult man 
when in moderate labour requires about 46 ounces of so-called dry 
food to keep him in health. About one-half of this consists of water, 
so that only about 23 ounces is really solid, dry, food. An average 
adult loses from the skin, kidney, and lungs about 80 ounces of 
water daily. He requires, therefore, a similar quantity to make up 
for this loss. Some foods contain a large amount of water. Beef or 
mutton contains 75 per cent. ; in other words, 1 lb. of either of these 
consists of 12 ounces of water and 4 ounces of dry solid meat. 
Vegetables contain from 85 to 98 per cent, of water. Such vege- 
tab Tes as turnips and cucumbers are almost all water ; fresh fruit is 
much the same in this respect. 

19. — What are the other uses of water in the functions of the human 

economy ? 

Water serves many other purposes in the human economy : (1) 
It keeps the blood in a fluid state, in which form alone it could carry 
out its function as a nourishing medium to the organs and tissues of 
the body. If the blood contains less than a certain amount of water, 
it becomes so thick that it cannot pass through the capillaries jih 
occurs, for instance, in cholera. Water acts as a general solvent, by 
means of which property it serves to elaborate the blood and convey 
nutriment to all parts of the body. It also serves to build up new 
tissues and repair old. So long as water is taken, the absence of all 
other food can be borne for a comparatively long time. When de- 
prived of food and water, it is thirst we feel most and soonest. 
This thirst is felt in the mouth and throat, but this is merely a local 
sensation expressing a demand on the part of the economy for addi- 
tional fluid. 

20. — irw is the jjroporiion of water to solids in the body ? 

^ Two-thirds of the entire weight of the body consists of water, 
which enters into the constitution of every tissue mid structure 
of the organism. 

taa^—what are the purposes for which water is supplied hy public 
toaier worlcs ? 

For drinking, cooking, and ablution of persons, clothes, utensils, 
and houses ; for cleansing of drains, sewers, closets and streets ; for 
drinking and washing of animals, washing of carriages and stables ; 
for trades and manufactories ; for baths and fountains, for extin- 
l^shing fires ; production of steam, manufacture of ice, etc. 

32 . — What is the importomce of water in the animal economy ? 

Water is one of the prime necessities of life. Deprived of it 
for seme days, the functions of the living econony come to an end. 
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This holds good with all animal and almost all vegetable life* A 
few of the lowest fungi — especially the germs of some diseases, such 
as small-pox and anthrax, retain in the desslcated state, a latent 
vitality ; but in this dried condition their power of multiplication is 
removed. They cannot be resuscitated in tne absence of moisture 
in some form or other. 

Water is being constantly lost to the body by the skin, the 
kidneys, and by the lungs, and to replace this loss we require a cer- 
tain amount of liquid either as water or as a beverage, ( Fide Ans. 18.) 

23 . — What ia ilte relation of drinking water to the gaaea it contains 
or may contain ^ 

Water is an active absorbent of many gases, and from this 
property both innocuous and injurious gases may gain access to it. 

Rain water, and all other natural waters, are more or less charg- 
ed with the gases of the air. These are chiefly oxygen, nitrogen, 
and carbonic acid gas. IVenty-five gallons of water will contain 
about live pints of those gases. In ordinary air the proportion of 
oxygen to nitrogen is alxiut I to I ; but as oxygen is more soluble 
than nitrogen in water, w’ator contains more of it. The carbonic acid 
gas of the aii* is also dissolved in rain water, but in comparatively 
small amounts. Twenty-five gallons of lake or tank water seldom 
ijontairi more than a quarter or half a pint of dissolved carbonic acid 
gaa. This gas is very soluble in water, but as only four parts of it are 
contained in 10,000 parts of air, rain water also contains but a small 
amount of it; But ordinary river and well waters contain considerable 
quantities of carbonic acid gas. This is accounted for by the fact 
tnat in the decomposition and oxidation of the organic matter which 
gains access to rivers and wells, carbonic acid is generated and dis- 
solved. Water falling on the ground, finds its way to the animal 
and v(‘getable matter in the soil. The oxygen already dissolved 
in the water, oxidises the organic matter, and carbonic acid is 
given off in the process of decomposition' The water, deprived 
of its oxygen, absorbs a fresh supply from the air, and the forma- 
tion of additional quantities of carbonic acid gas is repeated ; so 
that the water becomes more and more saturated with it. Such 
is the main source of carbonic acid in various waters. It is the 
existence of this carbonic acid gas that gives good water the pleasant 
briskness, freshness and sharpness to the palate. 

There is yet another source of carbonic g%s in water that tra- 
verses the soil, viz., the air of the soil itself. The air in the surface 
«oil contains a considerable amount of carbonic acid gas (about 200 
times as much as ordinary air, the proportion increasing as the depth 
increases). This carbonic acid gas lias likewise been formed by 
organioldecomposition. The water in its passage through the soil car- 
ries much of this c.arbonic acid with it, and this carbonic acid dissolves 
out any minerals met with that are soluble in a carbonic acid water. 
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tiHidA niir^en, and carhawU acid pas can a 

of water Maolve ? 

A litre ol water can dissolve 25 c.c. of oxygen, 46 c.c. of nitro- 
gen, and 10 c.c, of carbonic acid, at the ordinary temperature aod 
pressure of the atmosphere. 

85 * — Are these poses contained in water as a rule ? 

These gases are usually present in natural waters, but the post* 
tkms are very variable, being largely dependent upon the sotfree 
of the water, the degree of pollution and of exposure to air, and also 

X n vegetable growth. Chalk and limestone waters contain excess 
arbonic acid gas. The gases in a pure water often contain 30 per 
cent, of their volume of oxygen. 

88 * — How ma/y they he extracted for the purpose of quantitative 
analysis ? 

By means of a Sprengle pump,* or by boiling the water for an 
hour, and collecting the gases over a mercurial trough. Potash will 
then absorb the carbonic acid, and potassic pyrogallate or sodic 
hyposulphite will remove the oxygen, leaving a residue of nitrogen 
alone.f 

are the gases most usually present in water ? 

Oxygen, nitrogen, carbon dioxide, hydrogen sulphide, and marsh 
gas. If the three former co-exist, as is generally the case, the 
oxygen is usually m larger relative amount than in atmospheric air, 
as it often reaches 32 per cent. The amount of oxygen and carbon 
dioxide depend so much on varying conditions, such as the amount 
of exposure to the air, the growth or absence of plant life, and the 
presence of animals, as to render the proportions absolute and rela- 
tive, of the gases so variable, that few inferences of hygienic impor- 
tance can be drawn from their determination. A lessening, however, 
at one part of its course, in the quantity of oxygen which a certain 
water is known td contain, may be useful, as pointing out that 
organic matter has been in the water. J 

28.-~VFAa< are the useful gases in water 

O, COjj, N, they render water sparkling and pleasant. [O and 
CO* are dissolved by water to a larger extent than N.] 

29 . — What useful purposes does O serve in water ? 

It serves to gradually oxidise and destroy the decomposing 
iirganic matter which may be dissolved or suspended in water. It 
likewise serves to support the life of fishes and other aquatie 
Miimals. 

♦See Part XX on Physics asi> HvoraHie Ctattnwmr. 
f WmtLBoex’s Hygiene and Public Health, 
iFjomu* Praetioal Hygiene, 
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30- — What pwpo^iiwn of (my gen u umctlly pirment tn 

About 82 per cent. [The quantity o£ this p:a3 and likewieo that 
of CO^ depenaa on the exposure to tne air and on the quantity and 
presence of dead or living organic vegetable and animal matter 
m the water,] 

31. — Of what use is CO^ in tvaicrf 

It renders soluble the Ca CO3, Mg COgjand other constituents 
which are little or not at all soluble in pure water. [CO^ likewise 
serves to nourish green water plants in the same way that it does 
ordinary green vegetation.] 

33 . — 'What may he considered the itsval percentage amount of owygen, 
nitrogen^ and carbonic acid gas in water ? 

Oxygen 30 to 37, nitrogen 63 to 70, and COjj 8 to 10 ^)er cent. 

33 . — What is the total amount of gases in a good paJaiahle weder ? 

From 25 to 50 c.c. in a litre, 

34 . — What is the relation of chlorine to drinking watei’ ? 

Chlorine in small quantities occurs in all waters. An undue 
quantity, unless explained by its coming from a saline spring, or 
from near the sea, should arouse suspicion. The chlorides in water 
arc important as indications of the existence of human excremental 
contamination, and sometimes they form a guide as to the channel 
by means of which sewage gains access. Hence the importance of 
estimating the amount of chlorine in quantitative chemical analysis. 
Excess of chloride of calcium and magnesium may give rise to 
diarrhiaa, 

ZB—Whai are the chief sources of excess of chlonne in water f 

(1) Percolation from sea water in sea coast places. 

(2) Deep wells (200 or 300 feet) sunk into red and green sand- 
stone strata, chiefly as Nad ; and 

(3) Sewage. 

[In the first two there is no excess of organic matter. In deep 
wells there may be ammonia of organic origin from ancient decompo- 
sition, and it is therefore harmless ; with excess of chlorine from 
sewage contamination there is always excess of organic matter which 
is Very dangerous.] 

36. '~ Hi what form is chlorine chiefly present tjj ivatcr ? 

Chlorine is present in water chiefly* as a constituent of common 

salt. 

37. '-^ What is the average amount of Cl contained in good water ? 

About 8 parts per 100,000 (de Chaumont). (This amount is of 
no consequence except perhaps in that it adds to the palatabllity 
of the water.] 
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38 — What impuritieB nvay natural waters contain ? 

In Buspemion — Particles of animal, vegetable, and mineral 
origin. Miorobes and other living organisms, animal and 
vegetable. 

In solution— Gases, mineral salts ; soluble organic matter of 
animal and vegetable origin.* 

39 • — What are the primary sources of water ? 

The primary sources of all fresh water are the seas and oceans. 
’From them the heat of the sun causes the water to evaporate into 
the air, in the same way that the water disappears from a tumbler, 
if exposed to the sun’s rays. The oceans are very large, and a 
bonsiderable quantity of water is drawn up from them in the form 
of vapour to mix wicli the air. When the wind blows towards tln^ 
land, this hot and moist air from over the ocean is driven to a 
Cooler place. Now, when the air gets cold, it cannot hold this 
water any longer in the form of vapour, clouds form, the little parti- 
cles of water in the clouds join together and descend. The water 
which thus drops we call rain. The air always contains some of 
this watery vapour or steam. We see this when, in the hot weather, 
we put ice into a glass of water. The outside of the glass at first 
acquires a hazy appearance, and then droplets of clear water acen- 
mulate upon it. The cold glass has cooled down the air surrounding 
it, and caused the moisture in the atmosphere to condense into drops. 
When it rains hard, the greater part of this rain-water finds its way 
to the large rivers, and, finally, into the seas and oceans whence it 
originally came. There is no manufactory of water in the world, 
the amount always remains the same although the distribution varies. 

40 . — Whai are thi chief sources of water for purposes of sup- 

phjuKj communities ? 

Wells — superficial or shallow, deep, axtesian and tube or driven 
wells ; rivers, springs, rain, tanks, lakes, artificial reservoirs ; surface 
waters and ground water. 

41 . — TF7ia( may he said of the qualiiy of these various sources ^ 

That they are hygienically of \ cry unequal value as sources of 
iupply; for whereas some of them may be without the least 
suspicion as to being productive of harm to the human economy, 
others may be occasionally, if not always, dangerous to health and 
sometimes even to life itself. 

42 - — Classify the sources of water-supply, and point out the ad- 
vantages and disadvantages of the various sources aiiid 
modes of water-supply. 

Sources of supply may be classified under two main heads 
surface supply, from brooks, rivers, lakes, or reservoirs, surface-fed 
.springs, and shallow wells ; and supply from deep suhterraneous 

* Whitleoge’s Ifygiene and Public Health, 
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sowrceBi as from springs cropping out at the foot of mountain ranges*., 
and having deep-seated sources, from artesian wells, and from other 
deep wells with or without adits or tunnels to increase the supply 
by tapping water-charged fissures. 

All surface supplies will be more or less contaminated by ani* 
mal and vegetable matter, and, in populous places, from sowage^- 
and by waste from factories. Water collected in reservoirs and 
mountain lakes, from high-lying uncultivated moorland, will be the 
])urest of these ; next in order, water from springs and from brooka 
not polluted by sewage ; and last but worst come shallow wells. 

The softness of surface water is an advantage for cooking, wash- 
ing, and infusing tea, but disadvantageous from its liability to 
absorb lead from service pipes. Some moorland waters contain 
acids which may attack lead. 

Water from deep-seated sources are generally pure and whole- 
some, and when drawn from the granitic, hard sandstone, or oolitic 
sources, it will be soft. 8upplie.s from the chalk-formation will be 
pure and wliolesome but hai^, the hardness partially disappearing 
on boiling. Water drawn from the selenitic rocks is permanently 
hard and decidedly unwholesome. Gravel and §and beds, and the 
.softer rocks, furnish water of variable quality. 

The modes of supply are by gravitation and by pumping. Sur- 
face waters are supplied by gravitation, though it may bo neces- 
sary to pump from a river. Water so supplied will generally 
re( I uire filtering. The first cost of the necessary works is large in 
ju’oportion to cost of erecting pumping machinery. 

Water pumped from deep wells ma} require to go through a 
process of softening ; no filtering will be needed, nor will large 
reservoirs be required ; the working expenses will be considerable, 
but may not exceed the interest on the capital outlay of an alter- 
native gravitation scheme. 

Modes of distribution may be considered under tho heads of 
modes of supply ; these are by constant and by intermittent service. 
I'he former should be always preferred, as preventing chances of 
contamination in the mains and in house cisterns, and for conveni- 
ence in rapidly extinguishing fires. With good house fittings and 
proper appliances for detecting and prevoiting waste and leakage, 
no more water is expended by the constant than by intermittent 
service, and sometimes less, , 

In places by the sea-side salt water may be used with advan- 
tage for street watering and for baths, and a scanty or expensive 
supply of potable water economized thereby.*’* 

43 . — As regOlrds water-supply discuss ihe siihjccts of:--- 

(a) Sow\ie\ (h) Quantity reqni red j (c) Distribtitioiu 

(a) If more than one source of supply be available, that source 

♦Abstracted from Sanitary Record. J888. The various subjects dealt with 
cursorily in this answer will be alluded to more in detail in future pages. 
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be chosen which will furnish not only n good supply of 

potable water for domestic use, but water of a quality adapted 
tp t^e special requirements of the prevailing industry. The pros- 
perity of the place may great! v depend upon a suitable class of 
water being available for special purposes, as for brewing, dyeing, 
etc. 

These considerations may determine the choice between upland, 
river, and deep well water. Comparative expense may also have to 

• be taken into account. A gravitation scheme will involve a greater 
' capital outlay, a pumping scheme greater working expenses. 

Water of a nature that will act on the leaden distributing pipes 
ahonld be avoided if possible; if not, it must be specially treated 
to prevent absorption of lead. Very hard water should be avoided, 
or water which derives its hardness froip unwholesome consti- 
tuents. 

(b) The quantity required Avill depend partly upon the nature of 

occupation of the people, u}X)ii the prevalence or absence of 

VPater-cIosets end baths, and upon the requirements of the manu- 
facturers ; and provision should also be made for street watering, 
public baths, and other public purposes. ^ 

The quantity necessary must be determined in each case by 
careful inquiry and observation; the flow of sewage will afford 

• considerable information. A.llowance must be made not only for 
present but for future requirements, and this will necessitate care- 
ful calculations as to the prospective growth of the town. 

The requirements will probably average 15 to 20 gallons a head 
jw diem for private purposes, and 30 gallons for all purposes. 

(c) Distribution should be on the constant system, with presauie 
enough to give a supply at all times to the top of the highest 
buildings. Fire-plugs should be provided in sufficient number 
for the extinguishing of fires. Manufactories should be supplied 
hj meter- 

The system of pipes should be divided into sections, each capa- 
ble of being isolated from the others, to facilitate the detection and 
prevention of waste by means of valves to regulate supply, and by 
waste-detecting meters, supplemented by careful and constant 
inspection. “ Dead ends ” as far as possible should be avoided, and 
the system so arranged as to maintain constant circulation through 
ilie mains.* 

4A. — Wliat are the different sources of water iisually available for 
town supply ? State the advantages and disadvantagBs of 
each, 

Bivers, streams, natural springs, artificially-formed wells, and 
itti^nnding reservoirs or a combination of any of the former. In 


* Abstracted from Record, Ftdr foot-note, p. 18* 
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river supply the vantages consist in its constancy, ca<8e trith 
which it can be collected for filtration, and its general softness ; at 
the same time this is greatly counterbalanced by its liability to 
contamination, and often costly pumping. Natural springs are 
generally pure and often so placed as to admit of a gravitation supply 
(a great feature in a public water supply scheme), though sometimes 
the water is bard ; their disadvantage is their liability to dry up or 
cease to yield in seasons of drought. 

Artificially-formed wells, if carried down to good water- 
yielding strata, are excellent sources of eupply. The greatest care 
must be taken both in the construction of the well itself and in the 
selection of the site, as a well may often he found to yield a good 
supply for some time and then to almost fail. The water is gener- 
ally hard, which is a disadvantage for domestic purposes. 

wotdd you classify iciden* ia regard to their freedom 
from organic matter ? 

“ In respect of freedom from that most objectionable of im- 
purities, organic matter (‘organic carbon' and ‘organic nitrogen’), 
waters range themselves in the following order of merit 

1. Spring water, 

2. Deep well water, 

3. Rain water, 

4. Upland surface water, 

5. Shallow well water 

what formations do tee get the 2^urest water supplies f 

Granitic, millstone grit, hard oolite, and chalk, 

th^e any connection between impure water and epidemic 
disease ? ^ 

Yes ; so close indeed is the connection between certain epidemic 
diseases and impure water that it may be stated that such diseases 
con scarcely spread widely in a community without its influences ; 
for instance, it is a safe thing to assume that any severe outbreak 
of ‘ bowel complaints, enteric fever or cholera in a community, 
should call the attention of the sanitary authorities to the state of 
general water-supply. 

49 * What substances ought to be absent from ifrinicing water ? 

The following substances ought to be absent or present only in 
tr^s m drinking water:— HNO„ HNO„ NH. salts, metallic 
salts, organic matter, alkaline sulphides, and H,S. 


• Frankland’s Wafer 
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4 ^. — Give the B^stancea with their qu>antit\e» {bdiniaaihle in a good/ 
drinking water ? 

Cl under 2 grains per gallon. 

Lime „ 3 to 4 „ „ (except in cbalk water). 

Mg only a trace. 

Phosphates „ 

Sulphates 

Total solids under 8 grains per gallon. 

Volatile „ 1 ,, „ 

Free ammonia under *0014 

Albuminoid ammonia imder *005() per litre. 

Oxygen for oxidisable organic nuitter below '035 gramme^ 
per litre. 

Fixed ha/rdnesB under 20 degrees. 

Exceptions are made in the cases of chalk water, u here lime may 
be in excess, and in NaCl and HjCOs waters, if the salts are inorganic. 

Anything beyond above contained in a water removes it from 
the category of first-class waters. 

50.-- What are the chief impurities met with lu v'aier, and what 
in general terms ^ are their effects ' 

The most frequent impurity is sewage mutter, and the next, 
percolation of refuse matter of different kmds from sinks, ashpits, 
etc. ; impurities from graves of men, and animal impurities from 
manufactories and slaughter-houses. Au increase of mineral matter 
dissolved or suspended is only of subordinate importance, whilst 
increase of HNO 3 or NH 3 is only evidence of previous contamination 
of a dangerous kind, but no proof hy themselves of existing danger. Any 
notable increase in oxidisable organic matter or organic suspended 
matter, whether organised or not, is always gravely suspicious. 

Excess of fixed lime salts and magnesium salts is apt to pro- 
duce dyspepsia and diarrhoea occasionally, and to aggravate 
dysentery and affections of the mucous membrane generally, espe- 
cially among the aged and in delicate childi'en. Magnesium salts, 
some think, give rise to goitre, others consider that disease to be due 
toedkaline sulphides. Suspended mineral matter, such as scales of 
mica, silica, etc,, may caute diarrhoia. Some alkaline chlorides,, 
carbonates and sulphates may be present without f)roducing any 
evil effect.* 

If we find a good deal of organic matter and only a small (joan* 
tity of chlorine, we as a rule conclude that sev:age in the solid or 
liquid form bos not been the cause, but that in all likelihood the 
sources of impurity is vegetable matter. The chlorides affords a 
guide as to the source of contamination. 

It is a question whether the dissolved or suspended organic 
matter is the more dangerous. There are reasons to suspect the 

^This sut^eci is dealt with in detail in the Chapter on the Bisexbxs 
iraonucEi) by Ixpube -Watebs. 
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Buspended, and if we accept the “ germ theory of disease,” this would 
be a necessary conclusion. Yetit would be very rash to assert that 
the dissolved organic matter could be held blameless. 

51 . — What is the inference to he drawn from the presence of vegetcdde 

. and animal orgamisms in water ? 

Living organisms of all sorts and descriptions, both animal and 
vegetable, are frequently met in water. Their very presence naturally 
inmcates the existence of a suitable food, which food is chiefly 
organic. They do not of themselves, however, always entitle us to 
absolutely condemn the water in which they are found.* 

52. -18 it difficult to tell whether a particular natural water is or is 

not jit for general use ? 

As a general rule, it is not difficult to decide whether a natxpral 
un contaminated water is or is not suitable for general use. With 
reference to most of the substances which occur naturally in potable 
waters, it is hardly fair to designate them as “ impurities,” because 
these substances are common to all natural waters, and there is 
more or less of stigma conveyed in the term “ impurity.” Fairly 
to be designated as impurities, however, are mineral substances of 
known poisonous character and the organic matter of animal or 
vegetable origin which come as refuse from manufacturing or from 
household operations, f 

52.— How does organic life affect the quality of water ? 

Fishes and certain aquatic plants increase the purity of water. 

54. — Write some practical hints on the subject of search after a 

, source of water supply ? 

[In this respect the following abstract on the search after water 
from Parkes’ Practical Hygiene cannot be improved upon.] 

Few precise rules can be laid down in regard to a search after 
a water-supply. On n. plain, the depth at which water will be found 
will depend on the permeability of the soil and the depth at which 
hard rock or clay will hold up water. The plain should be well 
surveyed ; and, it any part seems below the general level, a well 
should be sunk, or trials made with Norton’s tube wells. The part 
most covered with herbage is likely to have the water nearest the 
surface. On a dry sandy plain, morning mists or swarms of insects 
are said fiometimes to mark water below. Near the sea, water is 
generally found ; even close to the sea it may be fresh, if a large 
body of fresh waiter flowing from higher ground holds back the salt 
water. But usually wells sunk near the sea are1)rackish; and it is 
necessary to sink several, passing farther and farther inland, till the 
point is reached where the fresh water has the predominance. 

** Among the hills the search for water is Easier. The hill* 
store up water, which runs off into plains at their feet. Wells 

* Hbbxb's Hygiene of Water and Water-Supplies. (Thacker 3phick Ss Co., 
Oalontto, 1690.) ^ 
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•lionld be sank at tbe foot of Mils, not on a spar, bat if possible at the 
lowest point ; and if there are any indications of a water-course, as 
near there as possible. In the valleys among hills the junction of 
two long valleys will, especially if there is any narrowing, generally 
give water. The outlet of the longest valley should be chosen, and 
if there is any trace of the junction of two water-courses, the well 
should be sunk at their union. In a long valley with a contraction, 
water should be sought for on the mountain side of the contraction. 
Jui digging at the side of a valley, the side with the highest hill should 
be chosen. 

“ Before commencing to dig, the country should be as carefully 
looked over as time and opportunity permit, and the dip of the 
strata made out if possible. A little search will sometimes show 
which is the direction of fall from high grounds or a watershed. 
If moist ground only is reached, the insertion of a tube, pierced with 
holes, deep in the moist ground, will sometimes cause a good deal 
of water to be collected. Norton’s American tube-well gave satisfac- 
tion in Abyssinia, although it did not succeed so well in Ashantee. 
A common pump will raise the water in it if the depth be not more 
than 24 or 26 feet; if deeper, a special force pump has to be used.” 
55 * — What are suhterranea/n reservoin ? 

They are the underground basins or magazines which store up 
the waters of the great rain percolations, and deliver them to the 
springs 'or wells in constant flow, as surface lakes gather the floods 
and feed the streams with an even, continuous, delivery. A concave 
dip of a porous stratum lying between two impervious strata 
presents favorable conditions for an “ artesian ” well, especially tf 
the porous stratunf reaches the surface in a broad, concentric plane 
of great circumference around the dip, forming an extensive 
gathering area. 

Waters are sometimes gathered through inclined strata from 
very distant watersheds, and sometimes their course leads under 
considerable bills of more recent deposit than the stratum in which 
the water is flowing. 

The chalks and limestones do not admit of free percolation, and 
are unreliable as conveyers of water from distant gathering surfaces, 
since their numerous fissures, through which the water takes its 
course, are neither continuous nor uniform in direction. 

. S6. — If dew ever need as drinking water t 

It has been used on boardship when the supply has nm short, 
and no distilling apparatus is available* It has likewise been used 
by travellers in the desert and sterile regions of South Africa and 
Australia, and, it«is said, in Chili and Peru. 

57 . — What are the eharaciere of enow-water ? 

Snow-water contains the salts of r^- water, with the exception 
rath^ less ammonia. The amounts of carbonic acid and air are 

amall. It is clear, but heavy, insipid and unpalatable. 
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33 . — WhatchimgeB in regard to ptirity and quality take place in the 
freezing of water ? 

In freezing, water loses most of its imparities, and any incorpo- 
rated yegetable organisms present are temporarily rendered inactive, 
but on melting, they once more resume their vital properties. It 
becomes purer, through the disappearance of almost all its mineral 
constituents, including much of tne calcium carbonate and sulphate 
(if present) while its contained air and other gases are largely expel- 
led. Even most of the substances dissolved in the water’disappear 
from the ice. The water resulting from the melting of ice is usually 
pure, heavy, and non-aarated. 

We have more than once analysed ice from large factories and 
found it to be very impure, containing a considerable amount of 
organic matter, including micrococci and bacterioid forms. The 
most dangerous impurities of water are, suspended organic matters 
and some of those contained in the water before freezing is retained in 
the ice. Dead organic matter, if in largo quantity, is decidedly 
unwholesome, but even in small quantities, it is usually dangerous, 
because it increases the probability of contamination with dangerous 
living organisms. It is nighly important therefore that in the manu- 
facture of ice for human consumption the water employed should be 
j)ure. It is but fair to say, however, that most factory-ice is pure. 

59 . — What are the properties of ^natural and art ificially prepared ice 
and why is it important to be familiar with these properties / 

Natural ice results from the freezing or crystallization of rain- 
water or snow. On melting it yields an exceedingly pure water. 
During the freezing process it gets rid of the gases and most of the 
mineral and of much organic impurities contained in the water pre- 
viously. The absence of gases and almost all mineral matter renders 
it insipid, and devoid of that freshness and sparkle so much appreci- 
ate4 in wholesome water. The absence of saline matter renders it soft. 
Artificially prepared ice may also yield pure water, but should the 
water from which it is prepared be of doubtful quality, it should not 
be consumed. As a consiaerable quantity of artificially prepared ice 
is now consumed all over the civilised world, its quality is of grave 
importance. 

Where the (juality of the water used* in the preparation of ice is 
not guaranteed, it is infinitely safer to use the ice as a cooling agent, 
•by placing the vessel containing the beverage tb be cooled in it, 
rather than placing the ice in the beverage. 

— Is the water from melted snow pure ? 

Yes, if the snow is collected remote from human habitations. 
Kear dwellings, however, it is liable to contain much organic matter, 
£The great outbreak of cholera in the year 1832, in Moscow, was due 
to the people consuming the snow upon which had been thrown the 
’dejecta or cholera patients.] 
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61 . -I* 8now-w(Uer wholesome or otherwise ? 

There has long been an opinion that snow-water is unwholesome^ 
but this, if it be true, is probably due to impurities. It is certainly 
unpalatable and unpleasant to the taste and is said to cause gastric 
disorders. Ice and snow may contain much suspended organic 
matter. Dr. Baker Edwards, of Montreal, found three parts 
per 100,000 in the shore ice and in the river ice- In Northern 
Europe the poorer classes have the habit of using the snow lying 
about their dwellings, and as this is often highly impure with 
refuse substances thrown out from the house, this water may be 
unwholesome. It has been conjectured that the spread of 
cholera in the Russian winter of 1832 was owing to the use of such 
snow-water contaminated by choleraic excretions. A large number 
of the cases which occurred in Moscow in that year were traced to 
people who had consumed the melted water of snow upon which 
latter cholera discharges had been thrown. Ice and snow may also 
be the means of conveying malarious poison to places at a distance. 

62 . — What are the cha/raciers of surf ace and subsoil loaters f 

They are very variable in composition, but often very impure, and 

always to be regarded with suspicion. Heaths and moors, on primi- 
tive rocks, or on hard millstone grit, may supply a pure water, w hich 
may, however, be sometimes slightly colour^ with vegetable mat- 
ter. Cultivated lands, with rich manured soils, give a water often 
containing bobh organic matter and salts in large quantities. Some 
soils contain potassium, sodium, and magnesium nitrates, and give 
up these salts in large quantity to water. This is the case in several 
parts of India, In towns and among the habitations of men, the 
surface water and the shallow well water often contain large quanti- 
ties of calcium and sodium nitrites, nitrates, sulphates, phosphates, 
and chlorides. The nitrates in this case probably arise from am- 
monia, ammonium nitrite being first formed, which dissolves large 
quantities of lime. Organic matter exists often in large amount, 
and slowly oxidises, forming ammonia and nitric acid. In sbme 
cases butyric acid, which often unites with lime, is also formed. 

63 . — JSow is this surface water affected by passing through the soil 

of mhahited areas ? 

This surface water in passing over and through the filthy 
ground around habitations, carries with it many poisonous matters. 
We see, therefore, that in the case of superficial wells, the quality 
of the water they supply depends upon the nature of the SOU 
through which the subsoil water fiows. This soil has, as a rule? 
been contaminated by the organic impurities of years. Now, until 
sdl the vegetable and animal organic matter of the soil is oxidised 
(a pfooess that takes years to complete), the water from superficial 
wells remains impure : but in the absence of proper soil and sur- 
face drainage, the pollution of the soil is constant and progressive, 
,^lid ther^ore this oxidation of organic matter is never completed.^ 
• Vide Authob’s Hygiene of Water md 
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{The water of some of the saperficial wells we have analysed is 
Ideally a form of dilute sewage.] ' 

64f.—I?c)e« surface water contain much GO^ ? 

As a rule it is very poor in CO*. 

does excess of 00 ^ in water usually indicate ? 

That the water has come from a considerable depth. 

66. — What is meant by upland surface water ? 

The water collected in hilly districts as on moorlands at the 
liead of a river. 

67. — Is upland surface water from uninhabited areas good as a 

source of supply ? 

Yes, probably one of the best 

68. — What other waters may we include in upland surface waters f 

The waters from all the lakes in mountainous districts. 

69. — What form of organic matter may be found in upland surface 

water ? 

Peaty matter is frequently present in such water often giving 
•the water a decidedly yellow hue 

70 . — How may the peaty matter be removed f 

By filtering the water through beds of sand. 

711 . — Is peaty matter dangerous and is filtration absolutely necessary ? 

No, it is quite innocuous, although the colour gives the water an 
unpleasant and uninviting appearance, besides being unpalatable. 
The filtration of such water is more a matter of expediency than 
of necessity. Almost all the water supplies in Ireland from upland 
ijurface districts contain peaty matter. 

^2.- What is the source of danger in connectimi with filtered peaty 
water ? 

Water impregnated with peaty substance is charged with dis- 
«olved organic matter, mostly of vegetable origin; in its native 
rivulets it is kept sweet by the presence of m^iads of organisms, 
together with abundance of green plants. When such water is 
separated from these larger forms of living population, as is done 
by straining through sand filters, the organic matter in solution 
soon begins to decompose. 

73 , — Is the effluent from iringated Icmds pm*e or otherwise f 

The effluent from irrigated land, particularly that ftom rice- 
&lda, is exceedingly impure and dangerous to use for drinking 
purposes. In some agricultural districts, this water forms the prin- 
cipri source of supply. These fields are regularly manured and con- 
tain decaying vegetable and animal matter. The combination of 
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putrefying animal and vegetable organic matter in such water is* 
most pernicious to the well-being of those who drink it. 

74. “^ What are the characters of the water of ditches, fools, and ponds F 

The water of ditches, pools and ponds, is excessively impure, 

especially if close to human habitations. It is usually stagnant, 
foul, and laden with organic matter, including living organisms, 
animal and vegetable Its consumption is always associated with 
great danger to health, and if its use is unavoidable, it should be 
filtered, repeatedly boiled, and filtered again before being used for 
drinking purposes. In this case there must be two filters. [We 
have seen villages depending entirely for their water-supply on 
ponds and the water contained in shallow excavations, and we have 
recorded the coincident high mortality in such villages.] 

75. — What is “ under drainage*' water ? Is it a good water ? 

Water which has filtered through the soil and has been collected 

from drains laid from 3 to 6 feet under the surface. It is often^ 
a tolerably pure water, except, of course, when it is from manured 
cultivable land. 

76. — What is alluvium ? 

It is usually a mixture of sand and clay. 

77. — What arc the characters of alluvial waters ? 

They are generally more or less impure and are exceedingly 
variable in quality and in constituents, containing calcium carbon- 
ate and sulphate, magnesium sulphate, sodium chloride and car- 
bonate, iron, silica, and often much organic matter. Occasionally 
the organic matter oxidises rapidly into nitrites, and if the amount 
of sodium chloride is large, it might be supposed that the water had 
been contaminated with sewage. The amount of solids per 100,000 
parts varies from 30 to 180 parts, or even more. Occasionally the 
organic matter rapidly oxidises into nitrites. 

78. — are the characters of waters from marshes ? 

The water of marshes is one of the most unwholesome that can 
be used. It is decidedly impure, containing an abundance of decay- 
ing vegetable matter (from 10 to 40 ^ains per gallon), although* 
it sometimes has the appearance of being pure. There is often 
inuch suspended organic matter ; and the salts are scanty — except 
the marsh be adjacent to the sea— and consist mostly of carbonates, 
sulphates, and chlorides of sodium and lime. It is invariably 
a suspicions water. [The vegetable matter of marsh waters, in com- • 
bination with heat and moisture, is the cause of malarial' 
diseases ’’ — ague, remittent fever, enlarged spleen, dysentery, diar- 
rhcea, anaemia and sometimes neuralgia. Such water should never 
be drunk. If compelled to use it, we should first give it a series of 
boilings and then filter it.]* 

♦Hshis’s Hygiene of Wcder and Water Supplies. (Thacker Spinck A Co.r 
daUmtta.) 
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the course pursued by water in its passage through the 
various underground geological strata any importance with 
regard to its chemical composition ? 

Yes ; the nature of the geological strata through which the 
Bubterranean water feeding a well, or other source of water supply 
flows, has an important bearing upon the mineral and gaseous con- 
stituents of that supply, and in rendering them palatable, colourless 
and wholesome by percolation. 

BO,— What are the characters of scft and stone rock waters ? 

They are very variable in quality, so that no average can be 
drawn. Their total solids range from 25—80 grains per gallon, and 
consist of carbonate, sulphate, and chloride of sodium, small quanti- 
ties of lime and magnesia, and a large amount of organic matter. 

Bl,-Whai are the characters of loose sand and gravel waters ? 

They vary much in composition, but they are occasionally very 
pure, especially those from green sand. In this latter case the total 
solids are not more than from 4 to 8 grains** per gallon and consists 
of a little sodium carbonate, sulphate and silicate; magnesium 
carbonate ; sodium and magnesium chlorides, 

32 . — What are the characters of millstone-grity^and hard oolite 
waters ? 

They are generally very pure, the solid constituents small, not 
exceeding eight grains to the gallon, and consisting chiefly of the 
sulphates and carbonates of lime and magnesia, with a trace of iron 
and potassium* chloride ; sodium and potassium sulphate ; and traces 
of organic matter. In tolerably pure gravels, not near towns, the 
water is very free from impurity. In the case of many sands, 
however, which are rich in salts, the water is impure, the solid 
contents amounting sometimes to 50 or 70 grains per gallon or 
more. As a rule, they contain much mineral matter derived from 
the sand (chiefly calcium, magnesium, and sodium salts), as well 
as considerable quantities of organic matter. They are often of 
alkaline reaction and may contain a good deal of organic matter. 
They are occasionally very impure in consequence of the ease with 
which surface water may permeate the surface soil to reach the 
water-bearing stratum below. 

88 . — What arc the characters of water from granite, metasnorphie, 
clay slate and trap^roch formations ? 

These waters are generally very pure and wholesome, contain-^ 
ing small quantities of solid constituents, mainly carbonate an^" 
omoride of sodium, with a little lime and magnesia. ** Glenerally 
the granite water is very pure, often not exceeding 3 to 9 parts per 
100,000 of solids, oonsistii^ of sodium carbonate and chloride, and a 
little lime and magnesia. The organic matter is in very small amount. 
The clay slate water is generally very pure, often not containing 
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ttiore thm from 4 to 6 parts per 100,000. The water from hard 
trap-rocka is pure, but if the trap be disintegrated the shallow wells 
sunk in it are of course liable to be fouled by surface washings or 
leakage.’** 

84 ^ — Why are gree^isand water a pure f 

The greensand are porous and oxidising strata, containing, 
however, protoxide of iron, which exerts a reducing action upon 
nitrates and nitrites in the water, converting them into ammonia, 
and reducing sulphates with the resulting formation of sulphuretted 
hydrogen. These waters are organically very pure, in this respect 
in fact, comparable with distilled water, but as it often passes 
over or through chalk, it may be very hard. Deep wells sunk in 
such strata are pure but hard. The hardness which is due to 
bicarbonate of calcium is temporary and can be removed by boiling 
(as in the case of chalk waters). 

BB,-Why me new red acmdatone waters pure ? 

The new red sandstone, being a porous and ferruginous rock, 
acts as a powerful filter and oxidiser upon the organic matter in 
the water that percolates through it. 

What are the characteristics of waters from lias clay ? 

Lias clays yield water of variable composition, but they some- 
times contain from 80 to 220 grains of mineral matter to the 
gallon, with a small quantity of organic. They are often excessively 
impure, and in a specimen examined by Prof. Yoelcker, 88 ‘grains of 
sulphate of lime and 41*8 of magnesium sulphate were found. 

87 * — What may he said with regard to the quality and yield of 
clay waters ? 

** Yery few springs exist in the stiff clays ; the water is chiefly 
surface, and falls soon into the rivers ; it varies greatly in composi- 
tion, and it often contains much suspended matter, but few dissolved 
constituents, chiefly calcium and sodium salts.” 

88 * — What me the characters of selenetic waters ? 

Selenetic waters are unwholesome. They are hard, very little 
affected by boiling, containing excess of sulphate of lime (6 to 20 grains 
or more per gallon). They give rise to dyspepsia, and to constipation 
alternating with diarrhoea. They are not good for cooking or washing. 

BB^—’What is the relation of lime-amd magnesian salts to the vaHous 
hinds of drinking water ? 

The ealcareom and magnesian salts are the most frequent mineri^ 
matters met with, and of these the sulphates and carbonates are 
the chief to be dealt with. Chalk (or carbonate of lime) is onlv 
imluble to the extent of two or three grains to the gallon in ohemv 
Aatly pure water ; but it is readily dissolved by the carbonic acid 
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present in all natural waters. Ordinary limestone and marble are 
varieties of carbonate of lime. Gypsa alabaster » and selenite are 
rarieties of the mVphate of the same metaL The sulphate is far more 
soluble than the carbonate, but is less diffused in the soil, and so is 
not met with in similar (quantities. The amount of lime salts in 
• water Varies from one-third of a grain to the gallon (in lakes 
surrounded by siliceous mountains), to 15 or 20 ^ai ns per gallon 
in many well waters, specially those in chalky districts. It has been 
supposed that the lime salts of water contribute to the formation of 
bone of animals, but it is usually in such small quantities as to have 
no material effect in this respect ; and, further, Nature furnishes 
in ordinary food a much more convenient and suitable method of 
bone formation, than this. Even in places where large amounts of 
salts of lime are met with, no conspicuous influence is seen in the 
consumers — either the people become accustomed to the water, or 
the quantity of lime in it has no particular effect upon them. 

The magnesian salts are met with almost as commonly as the 
calcareous. Well water usually contains about or 3 grains to the 
gallon. It occurs as a carbonate with smaller quantities of the sul- 
phate. These quantities have no effect on health. Some of the 
aperient mineral waters contain large quantities of sulphate of 
.magnesium or Epsom salts. Excess of sulphate of lime and magnesia 
(10 to 20 grains to the gallon) may constitute an impurity. 

90 . — Wluit is dolomite ? 

Dolomite or magnesian limestone, is a double carbonate of lime 
and magnesia. 

are the characters oflimestone^ and dolomite waters f 
They are wholesome and agreeable, bright and sparkling as a 
rule, but characterised by a larger amount of total solid matter than 
chalk water, and by the presence of a great quantity of sulphate of 
lime (4 to 12 grains or more) and some carbonate of lime and 
much magnesium carbonate and sulphate. They are hard waters, 
and this hardness is much less affected by boiling than is the case 
with the chalk waters, and are therefore less suited for culinary and 
domestic purposes. Such waters may possess purgative properties. 
The organic matter is usually very small in amount. . 

92 - — What are the chief characteristics of chalk waters ? 

Ohalk waters are clear, wholesome, sparkling (being charged with 
carbonic acid gas), and pleasant, and generally v^ry pure. They are 
chiefly characterised by the soli<i matter, which consists of carbonate 
of lime (6 — 20 grains to the gallon)* b‘ little carbonate of magnesia, 
amall (quantities of common salt, and insignificant amounts of 
iMm, sOica, potassium salts, phosphorio and nitric acids. They are 
Wfl a rule very pure organically, ^ey are hard, but the hardness is 
YtttlO^^able by boiling, which drives off the carbonic acid gas, 
holding the excess of carbonate of lime in solution. The hardness 
likewise be removed by Clark’s method. 
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98* — Ococuionall^ ehaXh water contaim very Uttle chalk, why i» ihi» f 

Becaiue sometimen the water drawn from the upper part of the 
chalk is really derived from tertiary sand lying above the chalk. 

94i . — When this is the case what other bodies take the place of the 
chalk ? 


The decrease in chalk is associated with a comparatively large 
amount of carbonate and chloride of sodium, and the water may 
actually be alkaline in reaction. 

95. — What are the advantages and disadvantages of chalk waters ? 

They are as a rule wholesome and sparkling, but from the large 
quantities of CaCOj contained, they are very hard and, therefore,, 
possess all the disadvantages of hard waters. 

96. — What is the special distinction in connection with chalk waters? 

They are very hard. 

97. — Give a table showing the relation between the general characters 

of a water, and the geological strata from which it is derived. . 


Chalk 


Limestone and 
dolomite. 


Millstone, f^it 
and hard oolite. 


1 Clear, wholesome, and sparkling ; generally very 
pure, and chiefly characterised by the solid 
matter, consisting almost entirely of carbonate 
of lime 

( Wholesome and agreeable, but characterised by a 
J larger amount of total solid matter than chalk 
j water, and the presence of a greater quantity 
( of the sulphate of lime and magnesia, 
r Generally very pure ; the solid constituents small, 
< and consisting chiefly of the sulphates andcar- 
C bonates of lime and magnesia with a little irotL 


Cbtmite, meta-” 
morphic, trap- 
rock and clay 
slate forma- 
tions. 


Generally very pure, small quantities of solid 
constituents, mainly carbonate of soda and 
chloride of sodium, with a little lime and 
.magnesia.* 


98.-“How much GaGO^ does chalk waters contain f 


About 1} tons in every 100,000 gallons. 

99 . — What are the most common mineral constituents of water ? 
Carbonate and sulphate of lime. 

ICO.—jETorc may we explain the presence of carbonates of time and 
magnesia vn certain waters ? 

Neither carbonate of lime nor carbonate of magnesia is dissolTCd 
hr pure water to any considerable extent ; if, however, the water be 
iOniurged with carbonic acid gas, its solvent power is very much 


♦ Husbakd’s Handbook of Forensic Medwine and Medical FoUce. 
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increased and a considerable quantity of the carbonates will pass into 
solution. This is generally explained by supposing that there is an 
actual chemical combination between the carbonic acid and the 
carbonate of lime, forming what is called a &i-carbonate. Since 
meteoric water, in its passage through the air and ground, always 
absorbs carbonic acid, and since carbonate of lime is widely difEused 
as limestone, marble, chalk, etc., in the soil, it is not surprising that 
many natural waters are hard on account of the dissolved bicarbon- 
ate of lime. 


101. — Is tJie quality of hardness 'peculiar to chalk waters ? 

No; hardness is not peculiar to water from anyone source; 
rivers and lakes, springs and wells, are all liable to furnish hard 
water when they are situated in regions which contain deposits of 
limestone or of gypsum or of magnesium minerals. 

102. — DiacttM the subject of hardness of water ? 

The solutions of salts of lime and magnesia are among the 
chief causes of the quality called hardness in water. Their carbon- 
ates are broken up by boiling, for the heat dissipates the car- 
bonic acid, when the insoluble bases are deposited, and, with such 
other insoluble matters as are present, form incrustations such as are 
seen on the interior of tea-kettles and boilers where hard waters 
have been heated. The carbonates, in moderate quantities, are less 
troublesome to human constitutions than to steam users. The effects 
of the carbonates are termed “ temporary hardness.” The sulphates, 
chlorides, and nitrates of lime and magnesia are not dissipated by 
ordinary boiling. Their effects are therefore termed “ permanent 
hardness.” 

This source of waste from hard waters, which extends to the 
destruction of many valuable food properties, as well as to destroy- 
ing soap, is not sufficiently appreciated by the general public. 

One of the first results of the massing of people together is an 
increase in degree of fertilization of the land of their neighbourhood, 
and thus the lands over and through which their waters flow are 
mixed with concentrated decomposing vegetable and animal pro- 
ducts. The continued increase in the hardness of well-water as the 
population about them becomes more dense, indicates that this in- 
crease is due to the salts of the dissolved organic refuse with which 
the ground in time becomes saturated. 

103. — Gftre examples of very hard and very soft waters. 


Veey hard. 

Sunderland, from dolomite, 30° hardness. 
Chatham, 24°. 

Croyden & Kent Company’s water, 20 — 21°. 
Ohiw and selenetic waters. 


Vert soft 
Distilled water. 

Bain Water. 

Upland surface water. 
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It04* — W%cU are the beet geological formatiom to give water a 
bright cmd- sparkling appearance and yet maintain their 
purity ? 

Chalk fomiations, hard oolite, greensands, and nerf red conglo* 
merate sandstone. 

105. — What change is produced by adding carbonate of soda to 

water containing bi-carbonate of lime ? 

The chemical effect of adding carbonate of soda to the 
bicarbonate of lime is to form bicarbonate of soda, which is soluble 
in water, and carbonate of lime, which is practically insoluble, and 
which, by this means, is removed to a large extent from the water 
and settles as a fine powder if the water is allowed to stand. 

106. — What forms the crust in the interior of kettles and boilers f 

The bulk of the crust is made up of carbonate of lime, and to a 

less extent by carbonate of magnesia. 

X07*—What are the causes of the mineral incrustations in steam 
boilers ? 

The water in the boiling process has all its free and any excess 
of COj, driven off and thfe salts, especially the carbonates of lime 
and Mg if held in solution, are deposited. Further, the gradual 
decrease in the bulk of the water (in consecmence of the evolution of 
steam) renders it unable to bold the salts dissolved in it as solution 
any longer. 

108. — How does hard water affect the cooking of meat and vegetables ? 

When meat or vegetables are cooked by boiling in hard water, a 
certain amount of the same material as is deposited on the surfaces 
of boilers and kettles, coats the meat or vegetables and either hinders 
the proper penetration of the heat into the interior, or prevents 
solution of the soluble materials when this is desired. The sskme 
applies to the infusion of tea. The fur lining is also a non-conduct- 
ijig material, and prevents the passage of heat from the fire to the 
contents of the boiler or kettle, thus causing a waste of fuel. 

109. — How does hard water or water containing iron affect the in- 

fusing of teat and how may such waters be rendered fit 
for that purpose ? 

If water contain much lime or iron it will not make good tea ; 
in each case the water should be well boiled with a little carbonate 
-of soda for 16 or 20 minutes, and then poured on the leaves. 

If lime salts be the cause of the hardness the particles are pro* 
cipitated upon the leaves and iron forms a tannate of iron in the tea. 

110. — FVowt a sanita/iry point of view which is the most desirable, 

ha/rd or soft water ? 

Although it may be an open question as to the effect of 
hard water, there is no doabt but that, on other samtaiy 
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gronads, sotfc watn* is inaoh to be preferred, and espeoiallj 'with 
reference to cleanliness of ]!^rson and of surroundings. Hard 
water is not only less agreeable in washing, but is less effectual as a 
cleansiDg agent. A portion of the soap used is destroyed for all 
practical purposes, and forms in the water an insoluble curd, useless 
as a detergent and unsightly to the eyes of those who are accustomed 
to soft water. For cooking, hard water is, as a rule, much less 
suited than soft, and if, in addition to these considerations, we take 
into account the fact that for most manufacturing operations soft 
water is desirable, it is evident that, for the general purpose of 
town-supply, soft water is to be preferred. 

111 . — Wliat may he said as to the superiority of soft over hard 

water for washing t cooking^ and manufacturing operations. 

The washing of linen can only be performed with soft water. 
If the available water be hard, it must be artificially softened — an 
operation which, on the domestic scale must be performed at great 
expense by the aid of either fuel, soda, or soap. In personal 
ablution, also, the use of soft water is much more pleasant and 
efficient. It is also more economical ; but, by the general use of 
a very small quantity of water, the waste of softening material is 
here much less than in a laundry. 

112 . — How would you represent the pecuniary loss m the use of a 

ha/i'd as against that of a soft water ? 

Each degree of hardness implies the waste of about 12 lbs. of 
the best hard soap for each 10,000 gallons or 100,000 lbs. of water 
used in washing. 

The cost of softening 1,000,000 gallons of chalk-water, having 
a temporary hardness of 20*^ is : — 

s. d. 

16 cwt. of lime @ £1 per ton 16 0 
Xiabour. 7 0. 

Total... £13 0 

About lOtf. of this £1 3s. is recoverable in the sale of ** whiting” 
produced in the softening process. 

113 . — What are the chief disadvantages associated with the me of 

hard water, 

(1) The waste of soap in washing clothes. ^ 

(2) The difficulty of cooking food, especially vegetables, in it. 
Tea can be but imperfectly infused in hard water. 

(3) The precipitation of the lime salts on the interior of vessels 
in which sucn water is boiled ; or upon clothes or other material 
coming into contact with the water. 

[It is a well-known fact that crude carbonate of soda is uaed*in 
some laundries in England, and in certain places in India, to lessen 
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hardness of water, and it is further known that this saturation 
4 )f clothes with soda deOreases the durability of the fabric of clothes. 
Hard water results from the originally soft rain water falling on, 
or coming into contact with, limestone rocks, or from the water 
percolating through strata containing lime, magnesia, iron, and 
.various sulphates, all of which impart hardness to water. Hardness 
due to carbonate of lime and magnesia kept in solution by excess 
•of carbonic acid, is removed on boiling. The boiling drives off the 
carbonic acid which kept these salts in solution. This is particularly 
the case with chalk waters, for on boiling the chalk is precipi- 
tated : the hardness it causes is temporary. The sulphates of these 
salts are not affected in this way].* 

ll<k.-Why is the hnrdness caused by tlie presence of bicarbonate of 
lime (or magnesia) called “ temporary"' ^ 

Because it may be removed by boiling. [Some waters are said 
to have “ permanent ” hardness ; they are not softened by boiling 
or by Clark’s process, and the hardness, is generally due to the 
presence of sulphate of lime (gypsum) although the sulphate, and 
other soluble compounds of magnesium, have the same effect.] 

13 . 5 . — What is the action of common soap on hard water ? 

If common soap be added to the water, the water seems to curdle, 
but refuses to form a froth or “ suds,” until, by the mutual action 
of soap and bicarbonate of lime on each other, the lime is nearly all 
converted into an insoluble lime-soap which forms the curd alluded 
to. After this point is reached, any additional soap becomes 
available for washing. 

IXe^—What is the disadvantage of this method of softening ? 

It is an expensive process. 

117 . — Mention another domestic method of softening water often 

employed. 

That of adding ordinary carbonate of soda (“ washing soda, ” 
'*soda crystals ”) to the water. 

118 . — Mention another method of softening water containing easoess 

of carbonate of lime. 

A simpler method consists in boiling the water for half an hour or 
more. The boiling causes the expulsion in the form of gas of the car- 
bonic acid, the presence of which enables the water to dissolve the 
carbonate of lime; when this carbonic acid is driven off, the carbon- 
ate of lime remaining, settles out as a fine white powder. The deposit 
which settles from the boiling water adheres more or less to the 
bottom and sides of the vessel in which it is boiled, and often causes 
sen^ouB trouble in steam-boilers. (Vide Hos. 108 and 109). 

•See the Auraos’s JBggiene of Water and Water Supplies, 
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119 . — tTpon wlwi does the relative expense of Cla/rh*8 process depend ? 

The Relative expense of Clark’s process depends npon the facilities 
for disposing of the “whiting” produced. In some localities it would 
be readily disposed of and pay a large proportion of the expense of 
eoftening the water ; in other localities it would probably not find a 
market. 

120 . — i« there any economical process which is practicable on the 

large scale for softening hard waters ? 

There is not, and in general terms it may be stated that a 
water which has a high permanent hardness is unsuited for general 
use. 

121 . — ■SToiv may hard waters he softened on the small scale ? 

By carbonate of soda,* which acts upon the soluble sulphate of 
lime, converting it into carbonate of lime, which, as we have already 
seen, is nearly insoluble in water. The effect of hard water upon 
soap, is the same as that of a water the hardness of which is due to 
the presence of bicarbonate of lime, but there is a considerable 
-difference in the character of the deposit or incrustation which is 
formed in steam-boilers. 


122 . — TF/ia< simple means might be adopted to soften water ? 
The addition of lime, or the use of Na^ COj or of soap. 

123 . -0Z(Wfii/y the causes of hardness of water ? 

The causes of hardness may be thus classified : — 


Total hardness 
due to 


Fixed hardness 
due to 

Temporary hard- ^ 
ness due to 


1. Carbonate and sulphate of lime and 

magnesium 

2. Carbonic acid. 

3. Calcium fixed salts. 

4. Other magnesium salts. 

5. Iron salts. 

6. Other acids and acid salts of metals. 

1. Calcium fixed salts. 

2. Magnesium fixed salts. 

1. Carbonate of lime 

and magnesium ^ in solution.* 

2. Carbonic acid ) 


(The carbonates at times are fixed salts as in the case of trough 
water. But when we speak of fixed hardness,^ we usually mean 
* sulphate of lime and magnesia.] 

124 . — From the foregoing statements what are the chief causes of 
ha/rd/ness in water ? 


Carbonates of lime and magnesium, sulphates of the same 
metals, acids, and iron. 


* ElHia’s Hygisns of Water and WaUr Svpplies, 
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126 .— am the hardest natwral waters ? 

Those of springs rising in the dolomite, ohalk and limestone ; the 
fonner from containing magnesia is permanently hard. 

126. — Js a amctll amount of calcium cmd alkaline salts injurious f 

No, calcium salts in small quantities and alkaline salts, 
especially Na Cl, in water is not unwholesome, and probably they 
are valuable constituents, of water. [Water which has a saltish 
taste, usually due to excess of Na Cl, is said to be “ brackish”.] 

127. — What are the worst kinds of saline impurities in water f 
Salts of calcium and magnesium. 

128. — What should he the proportion between temporary and 

permanent hardness ? 

If there be a total hardness of 12 degrees, then 7 or 8 of this 
should be temporary and the remainder permanent, and the same 
holds good for the higher proportions. 

126 . — Hotv much carbonate of lime cam a gallon of distilled water 
dissolve ? 

From 2 to 3 grains. [The presence of COj in the water will 
enable it to take up from 12 to 20 grains of the calcium carbonate.] 

130. — What tvould he considered an average water in respect of 

hardness ? 

A water containing 8 to 10 grains of mineral matter per gallon, 
which is equivalent to that quantity Ca CO,. 

131. — What is a soft water ? 

One containing less than six grains of mineral matter to the 
gallon, which is equivalent to that quantity of Ca CO 3. 
lZ2^—Whai is a hard water ? 

One containing 14 or more grains of mineral matter to the gallon. 

133. — What salts cause permanent hardness ^ 

Sulphates, chlorides and nitrates of the earthy metals. 

134. — Classify v)aters according to their hardness ? 

From hard to soft we have : — 

Shallow well water, 

Deep well water. 

Spring water, 

Biver water. 

Surface water from cultivated land, 

Upland surface water, 

Biver water, 

Distilled water. 
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135. — Whai is meant hy total cmd 'permanent hcurdneae ? 

The hardneea of unboiled water is called total hardness, while 
that of boiled water is caWeid.' 'permanent hardness. 

%ze,—what is meant hy temporary hardness ? 

The hardness that may be got rid of by boiling or by means of 
Clark’s or any other softening process. 

137. — How is the extent of hardness usually calculated f 

Hardness is usually reckoned as so many grains of chalk or 
carbonate of - calcium per gallon of water, or so many parts per 
100,000. 

138. — How much solid 'matter is there in sea-water ^ 

Thirty-five parts per 1,000. 

\3B.—How much of this is common salt f 

Twenty-eight parts. 

1^0 . — State briefly how much chloride of sodium is there in sea-water T 

There are 28*05 parts of NaCl in 1,000 parts of sea- water, or 
2,805 parts in 100,000. 

X^l.— What is the composition of sea-water ^ 

The following are analyses of water taken from the British 
’Channel and the Mediterranean Sea 

British Channel. Mediterranean. 


Water 

963*74 

962*34 

NaCl 

28 05 

29*42 

Potassium Chloride ... 

0*76 

9*50 

Magnesium Chloride ... 

3*66 

33*20 

„ Bromide... 

0*02 

0*50 

„ Sulphate... 

2*29 

2*47 

Calcium Sulphate 

1*41 

1*35 

„ Carbonate . . . 

003 

OTl 

Iodine 

traces 

0*00 

NH, 

traces 

00-00 

Ferric Oxide... 

0-00 

00-00 


14t3. — Does coal gas ever fmd its way to water mppUes ? 

Yes; coal gas passing into the ground from leaking gas 
pipes sometimes finds its way into wells, or even into water pipes. 
In Berlin, in 1864, out of 940 public wells, 39 were contaminatea by 
admixture with coal gas. A good instance is related by Mr. Harvey 
wlier^the main pipes were often empty and gas penetrated into 


♦ Pxjucxs’ Practical BygUntf 7th Ed. 



34 


WATER, 


[part ly 

143 . — What practical point commends itself from this danger ? 

Having regard to the cases in which gases from the soil (from 
leaking gas pipes, sewers, etc.) find their way into water pipes, it 
would seem important not to lay water pipes near any other pipes, 
or what is better, have all gas pipes in sub- ways, where they can 
be inspected. 


CHAPTER 11. 

Well Waters. 

144 . - hat are the different varieties oftvelh ? 

There are three varieties of wells, shalloiv or superficial, deep, 
and artesian. [The waters of these wells vary much in quality. The 
}ast mentioned may be considered a variety of deep wells.] 

145 . — What is a deep well ? 

A deep icell is one that passes through the first impermeable 
stratum of the soil, which stratum sometimes consists of stiff clay bat 
often of rock. The ordinary depth of such a well is from 40 to 
hO feet. Sometimes however, these wells have a much greater depth. 
In other words deep wells are those which are sunk to considerable 
depths through regular geological strata, such as chalk, oolite, 
and sandstone in search of water. Those also are known as deep 
wells which pass through a superficial porous bod and an 
underlying impermeable stratum to reach water-bearing strata 
at greater depths, though often at no great distance from the 
surface. Thus it may happen that a shallow well sunk 50 feet into 
a porous soil may be deeper than a deep well at no great distance 
away, which passes through the impermeable stratum upholding the 
water which supplies the shallow well. 

440 . — What are shalloiv wells ^ 

Shallow wells are those which are sunk merely into the super- 
ficial stratum of porous soil. It is not easy to draw any particular 
line as to depth, but generally wells less than 30 feet deep must bo 
reckon^ in this class, unless there should be an impervious 
stratum passed through which shall effectually shut out surface- 
waters. A shallow well is one that is of meagre depth, sunk only to 
the extent of 20 to 30 feet ; or, if deeper than this, one that does not 
extend below the surface through tne first impermeable stratum 
of the earth’s crust. “ Shallow ” wells may really be deeper than 
some “ deep ” wells. Thus, a well 15 or 20 feet deep, passing tlurough 
a stiff clay before it reaches the water-bearing stratum, is reaUj 
better than one of twice the depth which penetrates a superficial 
porous stratum only. They are usually sunk into superficial porous 
b^ of sand or gravel overlying an impermeable stratum of clay oi 
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dense rock. Superficial wells sometimes receive the subsoil drain- 
age water from swamps, cesspools, grave-yards, vaults, etc., 
rendering the water unfit for use. Such water is therefore exposed 
to pollution owing to the presence of the many impurities contain- 
ed in the surface layer of the soil. [Water from such wejls is almost 
ahvays unwholesome, and of very suspicious quality. It should never 
be used for drinking purposes without previous purification by 
filtration or preferably by boiling and filtration. The distinction 
between the two (deep and shallow wells) is not very clearly defined, 
but it may be considered generally to depend more on their nature 
than their depth ; shallow wells being those which are sunk into a 
superficial bed of drift sand or gravel resting on an impervious 
stratum, and deep wells those which are sunk into the regular 
geological formation, such as chalk, greensand, sandstone, etc. In 
fact, the distinction between shallow wells and deep wells is very 
much the same as that between land springs and main springs,] 
Generally speaking, our rule should be to go deep enough to place 
an impervious stratum between our water-supply and the surface 
of the ground. If we cannot do this, we must go as deep into our 
water-bearing stratum as possilde, both because the supply will be 
more plentiful, and because the water itself will have a better chance 
of being purified by its longer passage through the soil before it 
reaches the level of the well. (See No. 249.) 

IW^-Whai arc the characters of deep well water ^ 

The water of deep wells owes its character to the rock forma- 
tions through which it has passed, upon which also depend its 
mineral constituents. As a rule, it is pure and free from contamina- 
tion from organic matter, even when sunk in the midst of inhabited 
localities if the well has been properly constructed. They may 
however contain nitrogen as nitrites and nitrates. The quality of 
deep well water varies, therefore, in accordance with the nature of 
the geological formations through which the water flows before 
entering the well. The solubility of the component elements of these 
strata by water charged with COg markedly influences the quality 
of the water. Local experience is generally sufficient to indicate 
what the quality ^f the water ought to be. Deep well water is much 
harder than river water. The hardness is chiefly due to lime salts, 
especially the carbonate, lield in solution by excess of carbonic acid. 
The water is usually cooler, and contains less organic matter than 
^ superficial wells, and even if subsoil water does ffhd its w’ay to it, 
that w^ater has to pass through a greater depth of earth, with the 
result that almost all tlic organic matter is removed by natural 
filtration. 

148 . — Illustrate by an example the labour expended in the supply* 
ing of a household with well water ? 

Suppose that a family of six persons are supplied with 12 gallons 
each per diem, then 72 gallons has to be daily conveyed to tdi© 
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house. Say the average distance of the well is 50 yards (many are 
200 or 300 yards off) and the depth of the well 30 feet. One gallon 
of water weighs 10 lbs- ; 72 gallons, 720 lbs., which raised 30 feet 
21,600 lbs. The same carried 50 yards or 150 feet = 108,000 lbs., or 
about 48 foot tons, in all there being about 60 foot tons of labour 
expended. Modern public waterworks aim at altering this by 
providing water at the doors of the inhabitants. 

149 . — Upon wlmt does the possibility of obtaining a good and ivhole- 
some supply from wells depend ^ 

Generally speaking, the chance of obtaining a good supply will 
depend upon the nature of the underlying strata, upon the level, and 
upon the site. Wells sunk in superficial sands or gravel beds, 
though yielding a good supply at ordinary times, are very liable 
to have their yield very much lessened in seasons of drought, unless 
they are situated at points considerably below the level of the 
surrounding country, and the same remark applies to wells in the 
chalk districts. On the other hand, wells or borings in the new red 
sandstone and limestone formations usually yield a large and con- 
stant supply, because these permeable rocks are so saturated with 
water that they may be regarded as vast subterranean reservoii’s. 

XSO . — Are deep wells open to this objection ^ 

No, because they are generally sunk through an impervious 
stratum, which prevents the infiltration of any surface impurities, 
and at the same time serves to keep down the w’ater in the 
porous strata beneath these wells. The quality of the water will 
depend upon the nature of the geological formation of the local- 
ity. It is also apparent that, in accordance with a well-known 
physical law, it is only necessary to Ijore through the impervious 
stratum and reach the water-bearing bed for the water to rise to 
the surface, or to within a short distance of it, so as to be collected 
in a well of ordinary dimensions. Indeed, in certain low-lying dis- 
tricts, where a boring is made at a point considerably below the level 
of the line of infiltration into the water-bearing stratum, the water 
rises above the surface and overflows. Such overflowing wells — or 
artesian wells, as they are called— were once 'common in the Valley 
of the Thames, and are still to be met with in the flat lands of Essex 
and in Lincolnshire. 

151 . — State briefly the general chcuracters of waters from (a) Springs, 
(5) Superficial wells, (c) Beep wells, (d) Artesian wells f ^ 

(a) Always much harder than lake or river water, and, as a rule, 
whol^ome and palatable. 

(5) Superficial wells are apt to contain organic matter from 
churchyards, cesspools, etc., and also salts, sulphates, and 
carbonates of lime — the latter kept in solution by excess of carbonic 
acid. By an improved system of suhnsoil drainage, the waters 
these wells may be rendered pure and wholesome. 
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(c) Deep wells contain much lime, and are, as a rule, wholesome 
and palataole. Water from wells which are dug deep into the 
ground, or into rock, such as chalk or sandstone, is equal in quality 
to spring water 

{d) Artesian wells may contain large quantities of the alkaline 
carbonates and sulphate of lime, but as a rule they are wholesome 
and palatable though less aerated than the others. 

182 .- Which is the better for domestic puiyoses, spring and deep 
well wateVf or upland surface water ^ 

Upon this point the Rivers Pollution Commissioners stated “ that 
preference should always be given to spring and deep well water for 
purely domestic purposes, over even upland surface water, not only 
on account of the much greater intrinsic chemical purity and palata- 
bility of these waters, but also because their physical qualities 
render theiti peculiarly valuable for domestic supply. They are 
almost invariably clear, colourless, transparent, and brilliant — 
qualities which add greatly to their acceptability as beverages; 
whilst their uniformity of tempemture throughout the year renders 
them cool and refreshing in summer and preyents them from 
freezing readily in winter. Such waters are of inestimable value 
to communities, and their conversion and utilisation are worthy 
of the greatest efforts of those who have the public health under 
their charge.” 

153 < — If wells are to he used, what points should he observed ? 

Special attention should be directly given to the quality of the 
water; and any deep ash-pits, midden-privies, or cesspools near wells 
should be removed and the drains examined. If the water is 
pumjied up by means of a force pump into a cistern, for the purpose 
of supplying the closets, it will generally be found that the cistern 
also supplies the housemaid’s sink. 

154 . — What has been found in regard to stored ivelJ icater ^ 

With reference to the storage of deep w^ell water, it has been 
found in many cases that there is great liability of vegetable growth 
to occur when the water is exposed to air and sunlight, so that, if it 
becomes necessary to store the water before distribution, covered 
reservoirs must be used for the purpose, at least, in warm climates. 

155 — Where are d>eep wells sunk ^ 

Deep wells are sunk through impervious strata into pervious 
strata, the water in the latter being confined by the impervious 
bed. 

156 . — Whether is spring and deep well water, or surface and river 
water, best for domestic supply ^ 

In all oases in which spring and deep well water of good quality 
are available, we recommend that they should be employed in 
preference to surface and river water for domestic supply. 
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157 — Wliat special points demand attention in the sinking of 
shallow wells ? 

The yield of shallow wells varies according to season, tlierefore 
the well must be deep enough to reach the level of the water in times 
of drought. Such a well drains a wide area, and is liable to be 
polluted by any impurity of the soil within a considerable radius of 
its mouth, and as the supply is at best subsoil water, due regard 
must be had to the possibility of pollution at comparatively distant 
points. It should be lined with brick and puddled, and the brick 
lining should be brought a foot or two above the ground so as to 
exclude surface washings by forming a coping. If the soil is 
polluted, or if the water found is impure or insufficient in quantity, 
the boring should be carried through the first impervious stratum 
to other water-bearing strata deeper down. Sometimes the water 
in the deeper strata is under sufficient pressure to make it rise to 
the surface and overflow, forming an ‘‘artesian well” or artificial 
spring. The flow in dense strata being slow, each well exhausts a 
considerable area, and the yield of water cannot be greatly in- 
creased by multiple borings. Borings in sandstone or limestone 
give large and constant supplies, owing to the enormous accumula- 
tions of water they contain, but w'ells in superficial sand or gravel 
beds, or chalk, often fail in dry seasons.* 

15B.-What are the varieties of ivellSf as regards method of using 
the wafers thereof f 

There are three kinds:— -(1) pump-wells, (2) draw-wells, and 
(3) dipping-wells. 

159* — A draw-well is sometimes liable to contamination; e^idain 
how this pollution occurs. 

The cover is necessarily removeable, and is usually on the same 
level as the surface of the ground. The cover is often left open, 
and small animals, .such as dogs, cats, and rats, sometimes fall in ; 
and, the occurrence being unknown, the animals decay there and 
contaminate the water, the cause of the consequent illness of the 
persons who drink the water being probably undi.scovered. 

160* — Should dipping -ivells he used ? 

They should not ; a dipping-well, the water of which is used 
for domestic purposes, ought not to be allowed to exist. 

X61 > — In what ways may dipping-wells he contaminated ? 

Dipping-wells are subject to contamination from many sources. 
The cans, buckets, and pails used are set down in dirty places 
about the house, and the dirt is carried to the well and 
wasbed off ' in the act of dipping. Also, every time anything is 
^pped into the water, the water is stirred up and muddied for the 
Bext person who comes. Another source of pollution of an open 

‘ WhiteI/KOGe’b Hygiene and Public Health. 
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well-bole is the mischief of children, and where the situation is 
public, this cannot be prevented. These dipping- wells are weak 
springs, and as the overflow of water may probably be frequent, a 
cattle-trough may be so placed as to receive the overflow ; in public 
places this is of great use. 

162. — Should the openings of the mouth of a well he always closed ? 

Every opening should be completely closed, except one for 
ventilation, which should be protected by a hood, so that it cannot 
be reached, and another for the overflow of water, which should 
likewise bo shielded, the water being drawn by means of a pump. 

163. free and chlorides in deep well water always indi- 
cative of dangerous impurity ^ 

Deep wells often show a large amount of free ammonia and 
chlorides without necessarily indicating pollution; but the same 
amounts in a shallow well would point to probable sewage pollution, 
or at least to the presence of urine. 

164. -F/ ‘om what strata are the largest supplies of deep well 

water obtained '' 

In England they are obtained from the chalk, oolite, and new 
red sandstone strata. 

165. — Upon what does the nature and amount of mineral matter in 

springs and wells depend ^ 

They ' are determined by the soluble constituents of the vari- 
ous strata through which the water has passed, and the organic 
impurities are regulated by the facilities for pollution in the 
superficial soil and the completeness of purification by filtration 
lower down. Hence the water in shallow wells, especially if 
situated near dwellings or manured lands, is liable to contain 
much organic matter washed from the soil, with or without partial 
oxidation into nitrates or nitrites ; and also chlorides which usually 
accompany organic impurities of sewage origin. 

166. -~ir/;a^ is the extent of ground drained by a well ? 

A well drains an extent of ground about it in the shape of an 
inverted cone. The area must depend on the soil ; but the experi- 
ments at Grenelle and Passy show that the radius of the area 
(drained is equal to four times the depth at least, and that it often 
lexceeds this. Professor Aiisted states that the deepest (non- 
lArtesian) well will not drain a cone which is more than half a mile 
In r&dius. The distance through which the hollow inverted cone 
kill extend or make itself felt will vary according to the greater 
)r less porosity of the soil, and may extend to from 15 to 160 
^mes the depth of the cone. More recent investigation has sWwn 
^at the surface of the underground water in the area of the circle 
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drained by a well depressed by pumping, has the form of a curve, , 
analogous to the natural curve of the underground water, with ste^ 
vertical gradient near the well, but rapidly becoming more nearly 
horizontal as the distance from the well increases. This distance-— 
the radius of the circle drained by the well — is best expressed 
in terms of the depression. In fine sands and gravels, which 
offer considerable resistance to the passage of water, the distance 
varies from 16 to 39 times the depression. When, however, 
the amount of water abstracted is sufiSciently great to cause 
a considerable depression of the water in the well, the con- 
ditions are alterea ; for the well then drains an area all around 
it in the form of a circle, that is to say, the water in the 
well is renewed not only from above — as regards the flow of under- 
ground water — but from below ; and in such a case it would not 
matter what position the well had to the cesspool, if the cesspool 
was included in the area drained by the well, for pollution must 
inevitably occur. The distance within which a well draws water to 
itself, wnen its own water level has been depressed by pumping, 
depends on the amount of the depression and on the nature of 
the soil. 

167 - — JBxplain the method hy xolnch puminny increases the liability 
to polhition ^ 

If the level of the water in a shallow well be reduced by pump- 
ing, say 2 feet, water will be aspirated into the well from a distance 
of 15 X 2 = 30 feet as a minimum, to 160 X 2 = 320 feet as a maximum. 
The set or current of the underground water in the neighbour- 
hood of a pumped well must, indeed, always be towards the well ; 
and it is by the suction exerted on cesspools situated in proximity 
to wells that they are emptied when these are pumped. 

A shallow or surface well sunk into the porous soil will draw 
no water until it reaches the stratum of underground water. Into 
this the liquid soaking from leaky sewers, drains, and ces.spits will 
find its way more readily than the surface water. 

168 . — At what depth will water he reached in a clay basin ^ 

If the surface of the clay basin is very irregular, as is commonly 
the case, it is impossible to predict at what depth the water will be 
reached or at what level it will permanently stand. 

Theoretically, it may be inferred that the superincumbent 
stratum of sand or gravel is situated below the level of the lowest 
point at which the water can escape from the clay basiu. 

169 * — How may the yield of wells he ascertained • 

The yields of wells can only be known by pumping out the’ 
trater to a certain level and noticing the length of time required fori 
i^*filiing to the original level— the superficial area of the transi 
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verse section of the wells having been previously ascertained. In 
cases of copious flow of water a' steam-engine is necessary to make 
any impression; but, in other cases, pumping by hand or horse 
labour may be sufficient perceptibly to depress the water, and then, 
if the quantity taken out be measured, and the time taken for 
re-filling the well be noted, an approximate estimate can be formed 
of the yield. 

170^- What 18 the effect of pumping water from ivelh ^ 

The pumping of water from the well causes the lowering of the 
natural water level, and if the pumping be regulated so as to keep 
the level of the water in the well at a certain fixed point, the ground- 
water in the neighbourhood of the well also assumes a constant 
level. The influence of the pumping will be felt in all directions. 
The distance to which the measurable influence of the pumping is 
felt, in any case, depends, other things being equal, upon the 
character of the water-bearing deposit The more a well is pumped 
the greater its liability to contamination from neighbouring sources 
of pollution. 

18 the subsoil water related to a tcell ^ 

Around a well, the surface of the ground-water in the soil wdll 
be found to take the form of a hollow inverted cone, with its apex at 
the level of the water, in the well, the ba^e of the cone merging 
imperceptibly in the general level of the adjacent ground-water. 

172 . -What is the direction of the movement of the underground 
water ^ 

Generali}" in the direction of the sea, or the nearest water- 
course. 

173-- What is the depth of the underground water ? 

It varies from 2 or 3 feet to several hundreds. 

174 . — llouo does pumping water from a well affect the position of 
the subsoil neater in relation to the water '' 

When the well is pumped, the apex of the cone will be depress- 
ed, and the area of its base will be extended — the cone becoming 
flattened out as it were. 

^ 17B^—Whai effect has this on the drainage areairf the well ^ 

The drainage area of the well will thus be increased, and if 
there be any cesspool, pervious sewer, or leaky drain within the 
area of the cone, the polluting liquids will be drawn into the well 
bv suction. Hence, the great danger attendant on the use of 
Bellow wells, and all wells sunk into pervious soils only. When 
much water is removed from a superficial well, the level of the 
iN^ater in it descends below that of the subsoil or ground water. 
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The subsoil water now directly feeds the well and flows towards it 
in such a way, that the area of soil draining its water into the well 
forms a sort of pyramid with the apex downwards, the apex corre- 
sponding in size with the calibre of the well itself. The result is 
that all the soil that is embraced in the area covered by the base of 
the pyramid drains its water into the well. Further, the impurities 
of any foul ponds, and filth* deposits within its reach, are washed 
into the well. In the case of some wells the larger the quantity of 
water drawn from them the larger the base of the drained area, the 
greater the amount of subsoil water drained into the well. [The 
area of soil drained by a well, roughly corresponds to a circle, the 
centre of which is the well itself, and the radii from four to eight 
up to 160 times the depth of the well. In some cases, however, the 
area drained is considerably greater than this, the diameter of the 
drained area being 200 yards or more. It will thus be seen that no 
source of pollution should be permitted to exist within 100 feet of a 
well, and even this distance is, in many cases, insufficient to prevent 
contamination. For a w^ell to afford a permanently wholesome 
water, it must be sunk below the first impermeable geological stra- 
tum, and be fed by the subterranean lake that exists there. This 
deep supply is rarely reached at a depth less than 50 feet. The area 
of surface drained by wells is not a question without its difficulties. 
It has been stated as a circle, the radius of which is several times 
the depth of the well ; but this appears to be a grave under-state- 
ment of the case, if we look to the evidence which has been obtained 
from the effects of pumping upon distant wells, or the way in which 
wells have sometimes been drained by outflov\s of water at distant 
lower levels. On these ‘points one or two remarks may here be 
made. A well in a gravel and sandy soil in South Hampshire was 
found to be drained dry in consecjuence of an outflow of water in a 
gravel-pit dug a considerable di.stance ofi". The difference of level 
between the higher point (that i.s, the bottom of the well) and the 
lower (the outflow at the gravel-pit) was 211 feet — the distance 
between the two, 1,720 feet; so that the area drained had a radius 
equal to 80 times the depth, here represented by the fall or difference 
in level between the two points. In this case the loss of water was 
obviated by deepening the well about 10 feet.] 

1l7B-—How does the talcing of water from the underground supply 
resemble the talcing of water from a pond or lake ? 

Suppose that we have a lake or pond, generally situated in a 
Talley, with no considerable visible inlet, and yet from which expe- 
rience has shown that a certain number of gallons daily can bo 
withdrawn without affecting its level ; if this lake be now filled 
with sand and gravel, we can still pump the same daily quantum 
(even more, owing to lessened evaporation) ; but, owing to the 
resistance of the material, the level of the water does not equalize 
itself at once, although, if the pumping cease, the water in the well 
0odn rises to the normal level of the ground water. 
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177 . — Give the results of the analyses of shallow wells hy the Rivers 
Pollution Gommissioners ?* 

In 1868 they analysed a large number of waters from shallow 
wells with the following results : — 

1* Waters from shallow wells in or upon Silurian Rocks and 
Gneiss. — Solids 2 4 to 70*1 grains per gallon ; average 16‘7 grains. 
Hardness 2'’*4 to 29^*1 ; average 7°‘5. 

2. Waters from shallow wells in Devonian Rocks. — Solids 8*5 
to 73*6 grains ; average 27*5 grains. Hardness 3‘’*5 to 39^^ ; average 
14®*6. 

3. Waters from shallow wells on the Yoredale and Millstone 
-Grits. — Solids 4*1 to 93*5 grains per gallon ; average 351 grains. 
Hardness 2^^ to 63^ ; average 2*2^’ 1. 

4. Water from shallow wells in tbe Coal measures Solids 
6*6 to 154*6 grains per gallon ; average 48 grains. Hardness 2® *4 to 
98^*6 ; average 24^^ 4. 

5. Waters from shallow wells in or on Mountains Limestone 
and Magnesian Limestone. — Solids 32*1 to 76 2 grains per gallon ; 
average 50*4 grains. Hardness 28‘’*5 to 62^ ; average 40‘^'9. 

6. Water from shallow wells in or on New Red Sandstone.— 
Solids 14*4 to 168*1 grams per gallon ; average 711 grains. Hard- 
ness 12^* to 89^* ; average 34^‘*5. 

7. Water from shallow wells in or upon the Lias. — Solids 26 
to 214*^ *8. Hardness T’ 9 to 81® 8 , average 35® 8. 

8. Waters from shallow wells in or on the Oolite. — Solids 

21*7 to 188*7 grains ])er gallon; average 64 grains. Hardness 
16® '1 to 55® 2; average 32® 4. , 

9. Waters from shallow wells in or on the Upper and Lower 
Green.sand and Wealdeii Beds. — Solids 7 4 to 266 8 grains ; average 
50 grains. Hardness 2®*7 to 56®*4, average 19® *7. 

10. Waters from shallow wells in or on the Chalk — Solids 
22*7 to 111*4 grains per gallon; average 55*6 grains. Hardness 
16®*7 to 50® ; average 30®*5. 

11. Waters from shallow Avells in Gravel on the London 
Olay.— Solids 22*3 to 277*5 grains per gallon ; average 71*2 grains. 
Hardness 10® to 133® 7 ; average 35® *6. 

12. Waters from shallow wells in Bagshat Beds. — Solids 16*2 
to 200*8 grains per gallon ; average 82*2 grains. Hardness 9® *2 to 
92®*2; average 38® *5. 

13. Water from shallow wells in Fluvio—^Marine Series. — 
•Solids 5 7 to 46*3 grains })er gallon ; average 19*1 grains. Hard- 
ness 3® *2 to 25® 5 ; average 10® *8. 

14. Waters from shallow wells in Alluvium and Gravel.— 
Solids 20 to 224*5 grains per gallon ; average 69*6 grains. Hard- 
ness 3®*2 to 106®*7 ; average 33®*3. 


* First Report of the llivers Pollution Commissioners, 1868. 
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178 . — Bo dll shallow wells get their supply from the ground water ? 

They do not ; there are certain shallow wells which do not draw 
their supply from the ground w ater, properly speaking, but are sunk 
80 as to intercept the water flowing through a rocky fissure, or are 
sunk into the rock so as to form a collecting basin or reservoir. 
Such wells are in some respects even more liable to contamination 
than the wells sunk into the ground work, for, in the pores or 
interstices of a gravelly soil, there is a continually changing body 
of air which affords more or less opportunity for the oxidation of 
the organic matters, so that the process of rendering the well unfit 
for use is a gradual one; and often a well will furnish good water 
for a long time and then become suddenly bad — suddenly, it seems 
to those who have not been aware of the progress of the pollution. 
On the other hand, a well which is sunk into the rock may receive 
from a considerable distance sewage-matter which has found its 
way almost directly into the well along the surface of the rock, or 
through some fissure. 

179 . — What is the chief objection to shallotv wells as a source of 

drinking xcaier ^ 

The main objection is on account of theiriiability to contamina- 
tion from surface drainage and subsoil impurities. 

180 — Xame another disadiantag*' of surface wells '' 

Surface wells often dry up in summer time owing to their 
being dependent on the sub^-oil for their water supply. 

181 . — When setvage h discharged ni excessive qnontiiies on the siir^ 
face of a porous soil^ what becomes of it ^ 

It quickly percolates through this until it meets uith an im- 
pervious stratum which arrests its downward course. 

182 . --Can you merit ion any specific instance of epidemic disease 

that teas traced to the effects of pumping water from wells ? 

Some years ago the town of Croydon in Surrey was visited by 
an epidemic of typhoid fever, which was traced to the water deriv- 
ed from deep wells. Mr. Baldwin Latham made observations which 
showed that when the jiumps were worked, the level of the ground 
water was lowered, and sewage w’as sucked out of the sewers, pass- 
ing, as he alleged, into the wells supplying Croydon, 

183 . — Does change in the level of the subsoil water affect the purity 

of well water ^ 

It does; Sir George Buchanan has pointed out that the 
purity of water in wells is liable to be affected by changes in the 
level of the ground water, and the readiness with which enteric 
fever is spread by means of specifically polluted water in this way 
jiss been proved and should not bo lost sight of. 
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184 . — Doea a shallow well wcUm* act on lead ? 

It does so most actively ; polluted shallow well waters have been 
known to have a very powerful and persistent solvent action on 
lead, probably from their containing excess of carbonic acid, which 
tends to dissolve the coating of carbonate of lead formed in the pipe 
or cistern. The chlorides, nitrates and nitrites in such water have 
likewise powerful plumbo-solvent properties. 

185 . — On the whole then should shallow wells be icsed as sources of 

supply f 

They should not ; shallow wells should, il possible, be avoided as 
sources of water-supply. They are very prone to be contaminated 
with organic filth, derived from the soakage of sewage and slop-water 
into a porous soil. 

186 . — From its origin what may he said of shallow well waters ^ 

That the water of shallow wells is exceedingly liable to con- 
tract impurities, through surface drainage passing into them. 
Matter^derived from soils, vegetable and animal products, often 
contaminate such waters and when shallow wells are situated near 
human habitations, there is more than ordinary risk of serious 
pollution from sewage matters taking place. 

187 . — is the cause of the difference in the depth of surface 

wells given by different authorities ^ 

Some authorities place the depth of surface wells at 15 to 30 
or even more feet. It may be more correct to state that surface 
wells get their supply from the .subsoil water or above the first 
impermeable layer of the earth’s crust. 

188 . — ^Irc not surface wells and cesspools sometUnes constructed 

adjacent to one another ? 

They frequently are ; commonly one hole is dug in the garden 
for a well, and another for a cessf)ool, while there is possibly a 
farmyard near at hand — the soakage from the cesspool and farmyard 
being direct into the well. In fact, the sinking of a pump-well into 
the same stratum as contains a cesspool is like using the same 
river as a carrier of sewage and a source of water-supply. The 
intimate connection between wells sunk into the same water-bearing 
stratum is readily proved ; for, by the opening of new wells, there is 
often effected a very considerable diminutio|^ of the supply 
‘ furnished by the older wells. 

\tM,^^Under what eosceptional circumstances may a surface well he 
used ? 

If a surface well is ever to be constructed and used, it should be 
in a field or open space, remote from habitations and their surround-, 
ings, and in a place where soakage from cesspools is impossible, and 
^hen no other source of supply is reasonably accessible. 
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190. — TrAa< are tlie chief fomis of impurities in shalloiv well waters f 

Surface or shallow well waters, though soiuetimes compara- 
tively pure, frequently contain a large amount of organic matter de- 
rivea from draining the organic and mineral matters around houses. 
The water in them frequently becomes contaminated by foul mat- 
ters from leaky sewers, cesspools, etc., especially in porous soils 

191. — Through what are most surface wells sunk ? 

Most surface wells are sunk into a bed of sand or gravel rest- 
ing upon an impermeable stratum of clay. 

192. — are wells suitable as sources of su'pply ^ 

In large isolated buildings, such as lunatic asylums, workhouses, 
prisons and isolated mansions, they usually supply the w hole of the 
water required. In selecting a site in the country for any such 
buildinc, the possibility of obtaining the requisite supply, and the 
cost at which it can be produced, are points of the first importance. 

193. — Are wells always reliable for this purpose i 

By no means. If a deep well is properly steined, and the joints 
and lining impermeable, the subsoil water level may be much higher 
than the lower limit of the steining, and though the water will be 
forced into the well above this lower limit of the steining, the pressure 
will, as a rule, fall short of causing it to reach the exact heignt of the 
subsoil water level ; and in the case of a deep well sunk through 
rock, or a bed of clay, no subsoil water reaches the w'ell at all if it is 
properly steined. 

194- — X^hat kinds of 'pumps are in use ^ 

There are two kinds of pumps in use — tlie ordinary suction 
pump and the forcing pump. The former will answer the purpose 
80 long as the distance the water has to be raised does not exceed 
from 30 to 33 feet ; in fact, as a rule, taking imperfection of mechan- 
ism into account, 25 feet may be looked upon as the limit. In the 
case of deeper wells it is necessary to fix the more elaborate and 
expensive forcing jiuraps ; hence it is that in practice one so often 
finds open wells with a bucket and windlass for raising water. 

195. — What may he said against the use of the bucket and tvind- 
lass ? 

With these the danger of surface of pollution is increased, 
and if the arrangement be allowed to continue, as in the case of ^ 
small cottages probably it will, the greatest care must be taken 
to see that the top of the well is so situated with regard to fho sur- 
face as* not to permit of drainage into it. A good fitting cover 
ought to be insisted upon, otherwise dead leaves and other decay- 
ing matter will find their way into the well.* 

♦For ft full and simple description of the Construction of Pumps see Well* 
Sinking f Wbale’s Eudimentary Series. 
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19e.—What is the theory of the^ use of the pump for raising well 
water f 

The pressure or gravity of the atmosphere being equal to a 
coluitm of water 34 feet in height, is the means or principle on 
which rests the utility of the common pump, also of the syphon, 
and all other such hydraulic applications. In a pump the internal 
pressure on the surface of the liquid is removed by the action of 
the bucket, and as by degrees the density becomes lessened, so 
the water rises by tbe external pressure to the above-named 
height ; and at such height it will remain, unless by some derange- 
ment of construction taking place, the atmospheric fluid is allowed 
to enter and displace the liquid column. But if the temperature 
of the water or the liquid be so elevated that steam or vapour 
arises from it, then the action of the pump will be wholly or par- 
tially destroyed according to the density of the vapour, and the 
only way to proceed in such cases is to place the working bucket 
beneath the surface of the liquid which is required to be raised. 

197 . — How should the pump he placed in the tccll 

The pump should be wholly enclosed within the well, and a 
horizontal shaft or spindle should traverse the well from wall to 
wall, carrying upon it an arm to work the pump-bucket, having 
only its end projecting through the wall, upon which is fitted a 
simjjle lever or handle 18 inches or so in length. Being wholly 
enclosed or bricked up, the pump barrel should be lined with brass 
or gun metal, well and truly fitted in ever}" respect, so as to prevent 
the need of frequent repairs, which is a too common need of many 
pumps. 

198 — How are wells used as fdih reservoirs ^ 

Suppose w'e have a well in which the water rises just to the 
surface of the ground, but does not overflow, and that if 100 gallons 
per minute be pumped regularly, the water-level is lowered a dis- 
tance of five feet ; the same well may be made to absorb 100 
gallons per minute by extending the tubing five feet above the 
normal water level. When the natural level of the water is much 
below the surface of the ground, an enormous amount of liquid 
may be disposed of for an indefinite time, provided the refuse be 
not of such a nature as to clog the pores of the absorbing stratum 
into which the liquid finds its way, or provided* the well is fre- 
quently cleaned. There is a well of this kind at Bondy, near 
.Faris, which is 74 metres in depth. Such a method of disposing 
of refuse should not be allowed, unless it is absolutely certain that 
the stratum into which the water finds its way carries naturally 
water which is totally unfit for use, and which will never be called 
upon for water-supply, and unless, further, there is security that 
the well does not pass through strata which contain water fit for 
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use. It is well known that it is very difficult to prevent the leak* 
age of the water which rises in artesian wells into the upper strata, 
and this leakage otten causes a very considerable diminution of the 
amount of water which would otherwise reach the surface. 

IBB. --What subsoil formations give sparkle to water and improve 
its quality ^ 

Chalk formations, oolites, greensand, and new red sand- 
• stone. 

200 . — Upon what does the depth of a deep well depend '' 

The depth of the well must, of course, vary with the vertical 
distance of the impermeable stratum from the surface of the earth ; 
as a rule, this distance is not great, and in fact it is often said that 
shallow wells are those which are less than fifty feet deep and 
deep wells those that are greater than 60 feet in depth ; but it is 
better to keep to the definition here given. 

201 - — What precautiohis should he ohsei'vcd in making a surface 

well ^ 

They are as follow : — In the first place, the 8])ot selected for 
a surface well ought to be as far removed from all sources of pollu- 
tion as possible, and in the opposite direction to the natural fall, 
so as to tap the water previous to its reaching the polluting source, 
and not after it has travelled past it. The importance of this will 
be understood from the description already given of the course 
that the subsoil water takes. In addition to ^is, the lining of the 
well must be so constructed as to be quite impervious to soakage 
from the surface immediately surrounding it. 

In place of the brick work or masonry being loosely laid around 
it, which is the usual practice, it ought to be set in cement down to 
the water level, and as an additional precaution, it is well to inter- 
pose a layer of puddled clay ail round, between the br^pk work and 
the adjoining soil. Every well ought to be provided with a pump, 
and be covered over by means of stone slabs, carefullj^ adjusted and 
sealed with cement. By reason of such precautions, is that in place 
of entering the well direct, all surface water must percolate through 
the intervening stratum, and, in doing so, become more or less 
purified. 

202 - — Is the quality of cement used in well-making of importance ? 

It is; the quality of cement used is very important, the best* 
Portland cement being alone admissible for this, as for all sanitary 
work* The proportions of added sand ought, for this particular 
purpose, to be two of sand to one of cement, and the sand and cement 
ongnt to be thoroughly well mixed before the water is added. The 
wmd selected must De clean and fine, and quite free from any dirt or 
cUskjf o^rwise the cement will not set. Builders and workmen 
require careful watching as regards these points. 
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203- — Jf pollution of well water is suspected, what cowrse should he 
adopted ? 

In all coses in which well pollution is suspected, it is advisa- 
ble to oj)en the well m order to ascertain whether there is any 
•evidence of the penetration of sewage matter above the water level. 
If such be the case at one point or another, the brickwork, in place 
of presenting a clean, red surface, will be discoloured in a manner 
which, when once seen, will never be mistaken. Apart from this 
it is highly desirable that wells should be openod periodically for 
the purpose of being cleansed, as, however well constructed they 
may be with lime, impurity may arise. 

204r . — If steining toells with bricks^ hoiv are they laid and jointed ^ 

In steining wells the bricks are laid flat, and are arranged to 
break-;iomt. In 9-inch work they are laid all as headers ; and in 
14-inch work there is generally an inner ring of the usual 9-inch 
work, all headers, and an outer ring of 4 i -inch work, all stretchers. 
In wells up to 9 feet in diameter, 9-iiich work is generall}^ sufficient, 
and 14-inch work may' be adopted up to 14 feet diameter. If the 
ground is bad or loose a half-brick extra should be added. 

205- — What conditions arc absolutely necessary to make tvells safe 
as sources of supply f 

Wells can never be considered safe, unless the}^ are sunk 
through an impervious bed of soil into a porous stratum beneath, 
and are well cemented down to the clayey stratum. For precisely 
the same reasons as are stated above, it is equally necessary, in the 
•case of deep wells, to protect the surface by carrying the impervious 
brickwork down as far as the impervious stratum, 

[Wells which do not conform to this rule are too abundant iu 
most rural districts, and are fertile sources of mischief.] 

206. — Is water always fouml beneath the first impervious stratum 'f 

It is not infrecjuently found, that when the impervious stratum 
is penetrated, the water, previously abundant, is lost; and then 
the only plan is to carry the well downwards till at a greater 
depth water is again found, p 

207 . — What precautions ought to he taken in obtaining water-supply 

from wells in proximity to dtvelUngs 

That the well should be sunk to such a depth as tp reach a water- 
bearing strata. Its construction should be the most perfect, 
thoroughly impervious to external or internal percolation. The great- 
est care should be exercised in seeing that all drains are properly 
oonstmeted, and if in near proximity, bedded in cement concrete. 
All possible sources of contamination, such as dong-h^ps, earth- 
closets, privies, ash-pits, etc., should be dealt with as laid down in 
the new Model Bye-laws of the Local Government Boardi and the 
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rainfall and surface water generally, carried off, so that by no pos- 
sible means could it find its way into the well. 

208.— TF7iai is the reason that ignm'ant people do not often comiruct 
deep wells ? 

Because abundance of water is often reached before the first im- 
pervious stratum of soil is penetrated, and at a small depth — they 
tap the subsoil water. 

%0^'ir^JIow are shallow wells usually brought into existence ’ 

“ In the little yard or garden attached to each tenement, or pair 
of tenements, two holes are dug in the porous soil ; into one of 
these, usually the shallower of the two, all the filthy liquids of the 
house are discharged; from the other, which is sunk below the 
water line of the porous stratum, the water for drinking and other 
domestic purposes is pumped. The tw o holes are not unfrequently 
within 12 feet of each other, and sometimes even closer. The con- 
tents of the filth hole, or cesspool, gradually soak away through the 
surrounding soil, and mingle with water below. As the contents 
of the water hole, or well, are pumped out, they are immediately 
replenished from the surrounding div‘'gugting mixture, and it is not,, 
therefore, very surprising to be assured that such a well does not 
become dry even in summer. ITnfortunately, excrementitious liquids, 
especially after they have soaked through a few feet of porous soil, 
do not impair the palatability of the water ; and this polluted liquid 
is consumed from year to year, without a suspicion of its character,, 
until the cesspool and well receive infected sewage, and then an out- 
break of epidemic disease compels attention to the polluted water. 
Indeed, our acquaintance with a very large proportion of this class 
of potable waters has been made in consequence of the occurrence 
of severe attack of typhoid fever amongst the persons using them.’^ 

210 - — How may wells in villages become polluted ? 

From sewers, drains, dung-heaps, ash-pits, water-closets, privies,, 
or other accumulation of noxious refuse or liquids being in too close 
proximity to the wells. In villages wells are frequently placed in 
the garden, and the annual manuring has been found to be the 
cause of pollution. The water may be perfectly clear to the sight, 
but contain a large percentage of nitrates or filtered sewage, causing 
enteric fever, diarrhoea, etc. Other sources of pollution are— , 
proximity to graveyards, byres, stables and houses. 

211 general terms state how pollution of wells may he pre* 
vented. 

To prevent pollution, wells should be placed clear of all build- 
out-houses, drains, cesspools, etc., they should be of sufficient 
and lined inside with cement to a depth of at least 80 feet. 
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212 . — Enumerate the general ^sources of contamination of well 
water, 

(1), Privy cesspools which are not water-tight and from which 
rain-water is not excluded ; (2), soakage of the tap- water into the 
ground and thence into the wells, conveying with it refuse matter 
From the surface ; (3), house-drains which lie near the well, and 
which allow the house slops to percolate through the joints into 
the surrounding ground, from which they gradually soak into the 
well ; and (4), unless the drain consists of pipes closely jointed, rats 
are a Irequent cause of contamination of wells near which house- 
drains lie, for rats seem to have a peculiar instinct in finding their 
way through the ground direct to water, and, although the water in 
the ’well may be out of their reach, it is possible that in their efforts 
to reach it some of them drop in ; but, even if that should not be 
so, i*efuse liquids may find their way through the holes they make 
from the drain to the well. 

213 * — When shallow vjells are snnh into an alluvial, gravelly soil, 
in the immediate 'proximity of a river, how inay they be 
polluted ? 

They may become contaminated with filth carried laterally to 
great distances, owing to the ‘ set ’ of the ground-water in a parti- 
cular direction, generally towards the bed of a river or nearest 
outfall. Such underground streams are by no means uncommon, 
and, when pure, form uniform and excellent supplies, such as those 
which have furnished water to Dresden. 

2 I 4 .-D 0 the characters of well v'aters vary 'f 

They do very considerably. Thus the water from deep wells and 
springs varies according to the geological strata through which it 
passes. Alluvial waters are more or less impure containing a 
large amount of salts (20 to 120 grains per gallon) and often much 
organic matter ; W’hile chalk waters are clear, wholesome, and 
spai'klipg, holding in solution a considerable amount of calcium 
carbonate besides other salts, and are largely impregnated with 
carbonic acid ; they are also w'holesome and agreeable to the taste, 
but not very suitable for cooking purposes. 

21,5. — Are wells important as sources of supply ? 

* They are; in 1876 it w'as said twelve millions of the country 
population derived their water almost exclusively from shallow wells, 
and these are, so far as olir experience extends, almost always hor- 
ribly polluted by sewage and by the animal matters of the most 
disgusting origin. The common practice in villages, and even in 
many small towns, is to dispose of the sewage and provide for the 
water supply of each cottage, or pair of cottages, upon the same 
premises. 
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21 G-—* What 7s tlie essential oHgin of deep tvells f 

Deep wells are derived from subterranean springs. 

217* — Wiiat then is the essential condition neeesscu'y for the construc- 
tion of deep wells to yield a good supply t 

That they be sunk through impervious strata into pervious 
strata, the water in the latter being confined by impervious strata. 
[Superficial wells tap the underground water held u[) by the im- 
permeable stratum, and yield a water identical in composition with 
that flowing from the “ land ” springs in the neighbourhood ] 

218. — What then is the only real protection in the construction of 

a well ? 

To sink the well through the first impervious layer of soil, 
and to cement the sides throughout to a point below the impervious 
stratum, so as to draw water from the deeper strata, and to protect 
this water from the more superficial polluted surface water. 

219. — Is the source of deep well water on the confines of the loell 

itself ^ 

By no means ; the water which supplies deep wells has usually 
ti*avelled a comparatively long distance since it fell as rain on the 
surface of the earth. The outcrop of the wuter-liearing strata on 
the surface may be many miles from the spot at which the well is 
sunk, as is the case with the deep wells in the chalk stratum sunk 
through the London basin. 

280 * — Why are wells more expensive than springs ^ 

Because the water has mo.stly to be raised by human, animal 
or steam power. Artesian wells, so-called, are artificial springs 
which although initially very expensive in their construction are 
ultimately moreec onomical and yield hygienical ly unobjectionable 

water. 

22X. — Supposing the original sourer of deep well water to he pure 
and wholesome ; how may it he kept so in the well itself ? 

By properly steining the sides of the well with brickwork set in 
cement as far down as the first impermeable stratum ; by this means 
surface water and underground water resting on this stratum are 
entirely excluded, and the well is freed from those sources of 
pollution which so greatly contaminate shallow w^ell waters. Stein- 
mg should also be applied to deep wells sunk through porous strata 
for the wluile of their depth ; in this way surface pollutions are* 
compelled to pass through considerable thicknesses of soil before 
Teaching the well and are therefore well filtered. 

222* — What is ike original source of the water of wells and springs T 

The water of all wells and springs is derived from rain. The 
fain-water percolates through yigC^oub surface soils until stepped by 
an impermeable stratum of clay or a layer of rock, lu the unpeiv 
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meable strata the water collects, rendering them water-logged up 
to a certain level, the line of this water-logging corresponding with 
the lowest level of the natural outlet through which the subter- 
ranean water is escaping to rivers, streams, etc. Beneath the soil, 
then, ^ e have an extensive subterranean reservoir, and it is this 
reservoir that is tapped when a deep well is sunk through stifE clay 
or rock. The source of the water in deep wells is thus the same as 
that of springs, and the compovsition of the water in wells will bo 
very much the same as that of the spring- water derived from the 
same strata. 

223. — How is tlie relation between the supply of shallow wells, dis- 

ease, and low ground-water, explained ^ 

, iSome explain it by stating that it is due to the greater con- 
centration of the impurities in consequence of decreased supply ; 
that there is decreased fluctuation when the ground- water is low, 
and this decreased motion of water is associated with stagnation, 
and stagnation with deterioration. In reality, however, this is an 
eri'oneous view, for analysis has proved the waters at such periods 
to be purer than when the level of the ground- jvater is high. 

224. -I/- a 'Well is properly steined, is the 'water rendered perma- 

nently wholesome ^ 

It is not : lining the upper part of a well with cement does not 
permanently prevent the access of subsoil water imjiunties. The soil 
around the well may act efficiently as a filtering medium for a 
time, but eventually its powers in this resfiectlike those of all other 
filtering media, become exhausted, and when this stage is reached, 
all the soil surrounding the well is contaminated. The result then 
is, that instead of removing the impurities of ordinary subsoil water, 
it adds further to them, by giving up some of those which it bad 
previously removed. 

225- — What is the usual source of conta'niinat ion of ic ells in country 
places 

The neighbouring cessjiits — a cesspool often literally emptying 
itself into the well. In the case of deep wells and springs there is 
less likelihood of contamination than in the case of shallow wells. 
The chief danger arises from surface drainage, tho likelihood of 
which can generally be estimated from an inspection of the sur- 
roundings and from which the wells can generally be protected. 

226.-Tl^;ia/ are the advantages of deep oi'cr superficial wells T 

As a rule they yield purer water ; tho watei^is cooler, there is a 
thicker layer of ^oil for any contaminating agents to be filtered 
through, and so there is more complete destruction of any organic 
matter. 

227 .— To what extent may a tvell he polluted if situated close to a 
cemetery ? 

“ Tho degree to which the purity of neighbouring wells is 
endangered by a cemetery, and the distance to which contamination 
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may extend, obviously depend in each particular case upon the 
relative elevation of the respective sites of cemetery and well, and 
upon the nature and dip of the intervening strata, so that it would 
seem impossible to lay down a general rule for all cases. Fissured 
rocks might allow foul matters to traverse considerable distances, 
while the interposition of a bed of clay or a water-tight fault would 
shut them off, or the passage through an aerated stratum of finely 
divided earth would oxidise and destroy them on their way. A 
dangerous state of things is when graves and wells are sunk near 
together in a shallow superficial water-bearing stratum of loosely 
porous nature resting on impervious clay. From experiments made 
at Dresden by Professor Fleck it would seem that the degree to 
which wells so situated are liable to pollution is greater when the 
surface of the subsequent clay bed is horizontal than when it is 
sloping, even though the slope be towards the well. In the latter 
case the ground-water is on the move ; in the former it is stagnant, 
and hemje the foul matters are concentrated in a smaller volume of 
water; just as the water of a stagnant pool is more liable to become 
foul than that of a running stream. It does not appear, however, 
that the risk to which wells are exposed from the proximity .of a 
properly managed cemetery is in ordinary cases great. A leaky 
cesspool is a far greater source of danger than a grave. The solia 
and liquid excretions voided by a human being in the course of a year 
amount to several times the weight of his body. 

“The State Board of Health of Massachusetts . . . give a series 
of analyses of water from wells in the neighbourhood of cemeteries. 
Of seven wells in sandy and gravelly soil, vary ing in depth from 4 to 
17 feet, situated at distances respectively of 60, 50, 10, 100, 200, 75, 
and 100 feet from the nearest grave, and having no other sources of 
contamination at hand, one only showed undoubted evidence of 
contamination ; this was 10 feet from the nearest grave, the most 
recent interment, made five and a half months before, being 35 feet 
distant ; the three purest wells were those at 60, 50, and 75 feet 
distance. The chemical characters by which it may be inferred that 
the contamination of a particular water is derived from decom- 
posing bodies rather than from sewage, are a high proportion of 
nitrogenous organic matter and ammonia, or if oxidation have pro- 
ceeded further, of nitrates and nitrites, relatively to the amount of 
chlorides present, and also the presence in notable quantity of 
phosphates.* Outbreaks of diarrbena are very liable to occur the 
water become contaminated with the animal organic matter from 
the graveyard.” 

228 * — What a/re the characters of water from wells sunic in grave- 
yards ? 

Water from grave yards contains — ammonium and calcium 
nitrites and nitrates, and sometimes fatty acids, and much organic 
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matter. Lefort found a well of water at St. Didier, more than 
330 feet from a cemetery, to be largely contaminated with ammonia- 
cal salts and an organic matter which was left on evaporation. The 
^ water was clear at first, but had a vapid taste, and speedily 
l)ecame putrid. The water from old graveyards (disused) may 
show less organic matter, but it will contain large quantities 
of nitrates, chlorides, etc.* 

229. — Hoio may the yield of wells situated near a river he increased ? 

In the case of wells near rivers yielding an insufficient supply, 
it has been recommended to lay perforated earthenware pipes 
parallel to the river, and below its fine-weather level, in trenches not 
less than 6 feet deep, and filled up above the pipes with fine gravel. 
The pipes end in the well, and water ])assing from the river, and 
filtered through the gravel, passes into them. 

230. — is the course of underground water ? 

Precisely the same as that of surface-water — towards the lowest 
available outlet level ; only the slope or declivity of underground is 
less steep than that of surface-water, in conse(iuence of the greater 
retarding influence of friction in its passage through the subsoil. 

231. — 3fa7/ wells divert the course of the sahsoil water ? 

They may; the action of wells in use may sometimes greatly 
divert the course of underground water, whicli, but for the in- 
fluence of wells, would always be towards a lower level or towards 
a stream. 

332 . — Shoiild two wells sunh in proximity to one another be of the 
same quality as to purity / 

As a rule they should. A-well water sunk near a bouse, showing 
a vast difference in composition from a neighbouring well tolerably 
pure sunk at the same depth in the same soil, must be looked on 
with suspicion. 

233 . — How may we explain seu'ogc contamination in deep wells 'f 

Deep wells, when protected from surface drainage in their 
upper parts, arc hut rarely polluted, even when situated in the 
* centre of towns. But it does occasionally happen, that liquid soak- 
age from sowers or cesspools finds its way into fissures in chalk or 
sandstone, which conduct it to the water of the well, unfiltered and 
therefore unpurified, and pregnant with danger to the consumers. 
•Deep wells in Liverpool and other places have been closed for this 
reason. 


Parkes’ Practical Hygiene^ 7th Ed 
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334 . — WT^n a “public water-nuf^tly iswocured, whit shovid he don& 
in regard to pre-easi^ing wetlB and sttrface-water supplier 
in towns ? 

We have no hesitation in stating that all shallow wells and 
surface-water supplies in the interior of towns generally, should be 
filled up and permanently closed, as sources of water-supply. 
Serious contamination is scarcely ever absent. Their continuation 
as a means of water-supply can only serve to perpetuate the occur- 
rence of many diseases associated with impure drinking-water. 
We feel convinced that if municipalities adopted this suggestion, 
they would be carrying out one of the most important of their 
duties as guardians of the public health. 

235 . — TT/tui is the opinion of the JRivers Pollution Commissioners 

upon the oidmixture of sewage and well-water ? 

“ Nothing short of abandonment of the inexpressibly nasty 
habit of mixing human excrements with our drinking-water can 
confer upon us immunity from the propagation of epidemics 
through the medium of potable water.” * 

236 . — Is the cesspool a continvom danger ? 

It is ; but the danger is increased when the upper part of 
the well is not properly constructed. 

237 . — What are the characters of well-water in proximity to ihs 

sea ? 

Wells in proximity to the sea generally afford a saline and 
somewhat brackish w^ater, containing excess of magnesium and 
sodium salts, without doubt derived, from the presence of the salts 
of sea-water. 

238 . — Does sea-water necessarily flow into wells adjacent to it ? 

It does not ; even when the wells are sunk to a considerable 
depth below the level of the sea, it must not be supposed that there 
is any appreciable direct percolation of sea-water into them, for it 
will be found that the ‘ set ' of the underground water around the 
well is towards the sea. 

239 . — Dow then may the access of sea-salts to wells adjacent to ihs 

sea he accounted for / 

It is more probable that the advent of sea-salts is duo to liquid 
diffusion, the salts diffusing backwards into the well. 

240 . ~J/ it were otherwise, what would he the effect ^ 

The water in the wells would be more than brackish ; it would 
be salt-water. 


^ Sixth lieport- of the liivers Foliation Commissioners. 
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9^1 * — Name any special ohservaJions which yroved the great die^ 
lances to icJiich the salts of sea-water may diffuse. 

That sea-salts will find their way into wells situated at a great 
distance from the sea or a tidal river, is shown by the observation 
of the late Dr. deChaiimont, who found in a place near the Hum- 
ble River in Hampshire, that the tide affected the water at a dis- 
tance of 2,240 feet, or nearly half a mile ; the well itself being 83 feet 
deep, and 140 feet above mean w’ater-level. (* Lert. On State Med.y 
1875,’ p. 91.) The experience of Dresden is also significant, and to 
the same effect. The relative temperatures of the river, the ground- 
water generally, and the water in the tanks in summer — and, further, 
the hardness of the water in wells near the i*iver — all support the 
same view as to the origin of the saline impurities of wells situated 
near the sea. 

242 * — What other fad proves this explanation to he the correct one? 

It is known that by pumping from a nell neiir the banks of a 
river, as the Elbe, the level of the ground-water is depressed 
over a wide area. It is manifest, too, that were the water of a 
river to percolate outwards through its bed, this would soon be so 
silted up by the finely-divided stratum, and that it would not clog 
the pores of the river-bed, but rather will tend to keep these 0 ]:>en. 
It is remarkable that the underground tanks and galleries, 
constructed on a false theory, have been so successful as they 
have generally proved to be. 

243. — What special instance proved the above explanation to be the^ 

correct one ^ 

That the above is the true explanation of the source of water- 
supply where such underground tanks are constructed is proved by 
the experience of Toulouse, where the sui)ply of water was largely 
increased by removing such a tank to a greater distance from the 
river Garonne, and intercepting the ground-water. The subsoil 
water invariably rise as we recede from a river. 

244. — What was the theory of supply of tanks, ftinncle, and galleries 

sunk parallel to the, bed of a river ^ 

The theory of these constructions was that water should perco* 
late or filter from the bed of the river into the reservoir constructed 
for its reception. I’his supposed percolation can, lio'weverj occur 
but rarely ; and nearly invanabljr it is the underground water, 
intercepted in its passage to the river, that furnishes the water for 
use. Should the underground water be not intercepted it gradually 
finds its way to the river, into and not out of which percolation 
almost invariably takes place. It is well known, for instance, that 
the river Thames is in tliis way largely led by springs of such 
ground- water at various points in its course. 
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245 . — Wliat i8 the special objection to the dotnestic use of •polluted 
shallow well-waters ? 

They are usually excessively hard (both permanent and tempo- 
TSiry hardness) and therefore unsuited for domestic purposes, 

246 . — What is the hardness due to ? 

The hardness is largelj^ due to the polluting liquids which find 
their way into the well but little being caused by the mineral salts 
present in the strata through which the well is sunk. 

247 . — Hoio may a well or piine be cleared of CO^ ^ 

In the case of a well, a basket of slaked lime may be let down ; 
but in mines, a steam fanner or a jet of steam must be blown 
through the mine. No one, of course, should be allowed to enter 
the well or mine till it has been cleared of the carbonic acid.* 

248 . -TF/ia/ are the characters of the water of surface or shallow 

wells ? 

Surface or shallow well-waters, though spmetimes compara- 
tively pure, frequently contain a large amount of organic matter. 
In mossy moorland districts, for example, or in rich vegetable soils, 
the water may contain from 12 to 30 grains of vegetable matter per 
gallon, which imparts to it a yellomsh or brownish tint ; while in 
marshy districts the amount of organic matter varies from 10 to 100 
grains. The saline constituents depend very much upon the 
geological character of the stratum in or upon which the well is 
sunk, but in inhabited places tbcsc are often masked by the pro- 
ducts of excremental pollution. Shallow well-waters are drawn 
from wells not more than 50 feet deep, and seldom exceeding half 
that depth. They yield as a rule notoriously bad water. In their 
ordinary state they yield an excellent breeding place for the germs 
of disease. They are supplied byl the ground-water, which accord- 
ing to some authorities has important relations with certain dis- 
eases. [See No. 146.] 

249 . — What is the special danger of shallow well-water in culti- 

vated land t 

Surface-waters from cultivated land are always more or less 
contaminated with manurial impurities, and should therefore be 
efficiently filtered before being used. • 

250 . — Mention some towns still supplied by deep wells. 

Cambridge, Bury-St. Edmond, Canterbury, ... Bedford, Scar- 
borough, from oolite, and Coventry, Southpoi’t, Scarlington, Burken- 
bead from new red sandstone. 


• Husbaxu’s Medical Police. 
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<851. — What ia necessary before u well recently sunk is brought 
into use ? 

That the water be analysed by some competent person, and 
this analysis should be repeated from time to time to assure the 
consumers of its continued purity, or inform them of any deterio- 
ration that may have taken place. It appears to be legitimate to 
presume that well-water is impure and unwholesome, until it is 
proved by analysis to be otherwise. 

252. — Is the infoi'mation afforded regarding the inorganic nitrogen 
of shallow wells of much prarticat importance ^ 

It is not ; because the amount varies within such considerable 
limits. The proportion may be as low as “2 or as high as 20 parts 
per 100,000, according to the extent of previous pollution. 

263.-~TFAa^ is the usual proportions ^ 

The proportion usually ranges from 1 to 10 per 100,000 parts 
of water. 

254 .- the loaicrof superficial vjcJls of uniform guality ? 

Surface well-water is capricious in quality. Sometimes com- 
paratively pure and wholesome, but usually very impure. 

256. -HOU; may the water ofshalloiv wells ho rendered less unwhoU^ 

some ^ 

By puddling the circumference of the well by an impermeable 
layer of clay three feet in diameter, and for a depth of ten feet, 
by completely covering the well, by converting all dead wells 
into pump wells, and by abolishing all privies, cesspits or cesspools, 
etq., from their vicinity With all these precautions carefully 
attended to, superficial well-water may be used when no better 
supply is available ; but even then it is advisable to both boil and 
filter the water before using it for drinking purposes. 

aSS.-Can a surface well then he considered safe as a source 
of supply of drinking -coaler ? 

A surface well can never be safe howevef perfectly its sides are 
cased and made impervious, if there is any pollution of the soil 
•within the distance to which tho inverted cone already described 
extends. Contaminated water will almost inevitably be drawn into 
the bottom of the well. 

257. -H7ia/ is the influence of wells upon each other as to yield of 

water ? 

The success of wells, penetrating deep into large subterran^n 
basiust upon their first completion, has usually led to their duplica- 
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tion at other points within the same basin, and the flow of the first 
has often been materially checked upon the commencement of flow 
in the second, and both again upon the coraraenoeraent of flow 
in a third, though neither was within one mile of either of the 
others. The flow of the famous well at Grenelie was seriously 
checked by the opening of another well at more than ^,000 yards, or 
nearly two miles distant. [The succe.ssfni sinking of deep wells in 
Europe began at Artois, in Prance, in the year 1126, The name 
“ Artesian,*^ from the name of the province of Artois, has been 
familiarly associated with such wells from that date, notwith-* 
standing that similar works were executed among the older nations 
many years earlier. Since the success at Artois, this method has 
been adopted in many towns of Prance, England and Germany, 
where the geological structure admitted of success The Prench 
engineers have recently sunk nearly one hundred successful wella 
in the great Desert of Sahara ; and Algeria and Northern Africa 
are beginning to bloom in waste places in consequence of being 
watered by the precious liquid sought in the depths of the earth.] 

258. ^ Why are svjierficial v*elU unsafe as a source of ivater-supply ^ 

Because (a) they are fed by the subsoil water, (h) they are often 

in proximity with old deep privie.s, or adjacent to cesspools or 
drains, the sewage from which may pass directly or indirectly 
into the wells. [Surface wells near habitations are generally subsoil 
and rain-water mixed, more or less, with the soluble matters of 
the soil,] 

259. — Tr7(af proof have ive ihat the subsoil ilralnogc areas of wells 

may he very great ? 

By the distances at which wells are affected by tides or running 
waters. A well on the banks of the Hamble, a tidal river, is distinctly 
affected by the tides, although the distance is nearly forty times the 
fall — that is, the difference of level between ilio bottom of the well 
and mean tide ordnance datum. 'I'he pressure of the Rhine tas 
been known to influence a well 1,670 feet distant. 

260. — What may be said with regard to a icclhivnier supply in 

towns ? 

In all houses provided with a public supply the use of well- 
water sViould be condemned, because although it may be found to be 
fit for drinking purposes, the risk of pollution is always greatly in- 
creased in towns, on account of neighbouring drains and sewers. 

If wells must he used, tvhat points should be strictly ohseiit^d 
and attended to ? 

Special attention should be directly given to the water-supply, 
and any deep ash-uits, midden privies, or cesspools near wells should 
be removed, and tnc drains examined. If the water is pumped up 
by means of a force pump into a cistern, for the purpose of supply- 
ing the closets, it will generally be found that the cistern also 
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Bupplios tbo housemaicrs sink, and that at this tap the water-bottles 
as well as bed-room utensils, are usually tilled. 

If the porous stratum in which the well is sunk is of consider- 
able thickness, the underp^round water being 30 feet or more from 
the surface, the sides of the well for this depth should be imper- 
viously steined with brickwork set in and lined with hydraulic 
cement. If this is done, water percolating from the surface must 
pass through at least 30 feet of soil before entering the well. In its 
passage through the soil, the organic impurities in the water will be 
to a certain extent, removed by oxidation 

262 .— What precautiom should be taken to pre8€)-ve the purity of 
wdUwafer ^ 

If the water-supply is to be derived from a well, the well and 
cesspools should be widely separated. Incase of accidental leakage 
it is also necessary that tlie w'cll should not be near house-drains. 
To exclude subsoil water, the up})er ])art of a well should be clay- 
puddled or made otberuise water-tight, and tlie mouth should be 

E rotected airainst the entrance of surface-water Every well should 
e ventilated and pnjNided with a manhole for purposes of inspec- 
tion and cleansing. 

263 > — To tvhai dishmee may the water of the sea a ffect the qualltij 
of well-water '' 

De Chauniont found the tide affecting the level of a well 
140 feet above mean water-h'vol, at a distance of 2,240 feet. 

264 -— What importance has this pi>inf ? 

It bears directly upon the subject of the wholesoraeness of 
water-supidy from wells, for it is (piite clear that if the effect is so 
marked, well.s may drain ce.sspool8, dung-heaps, middens, and all 
sorts of tilthy places ; and it really a[)pears wonderful, if this be the 
case, that well-water should ever be fit for drinking, and that more 
disease is not caused in this way. At the same time we should 
remember that fairly good water is sometimes obtained from wells 
that appear likely to be contaminated. 

265 . — How may this he accounted for ? 

This depends upon three conditions .* — let, the nature of the 
soil ; 2nd, the direction of movement of the ground-water ; and 3rd, 
the amount of water drawn from the well. As regards the first, it 
is clear that impervious soil, such as stiff clay, will shut off the 
access of water, and cousecj^ueutly of impurity, irom strata beyond 
it. Thus, a layer of clay will successfully keep out surface impuri- 
ties, if the well is deep enough to pass through it, and is protected 
in the upper part. 

is there peculiar about the waters from wells near the sea ? 
They frequently contain so much saline matter as to taste quite 
brackish, although the organic matter may not be very large* 
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In some samples from Shoeburyness (analysed at Netley), the 
total solids ranged from 148 to 812 parts per 100,000 of total 
solids^ the chlorides being from 31 to 93 : mean of six samples — 236 
total solids and 50 of chlorides. In one sample, however, the 
albuminoid ammonia was only 0*007 per 100,000, and in five the 
oxygen required for organic matter was under 0*075 per 100,000. 
Samples from wells at Gibraltar yield in some cases large quanti- 
ties of solids — in one instance as much as 338 parts of total solids and 
244 of chlorides in 100,000. At Landguard Fort, water from a 
boring 150 feet deep yield more than 700 parts of solids and 540 
parts of chlorides. 

267 -— nn analytical table of ivaters considereJ to he very 
tvholeaonie, stating details. 

Pounds in 10,000 Gallons or 100,000 Lbs. 
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4-64 

-154 

•037 0 
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•087 

1*29 

2 83 

Buttermere 

3-56 

•127 

•040 004 

•0 

•043 

•89 

101 

Cocker 

4-62 

•069 

• 022 ; 001 

*0 

•023 

109 

215 

Crawley Bum ... 

11 28 

•187 

031,001 

•0 

•032 

104 

6*08 

Crummock Water 

4*06 

•183 

*085 *007 

•0 

•061 

•89 

1-30 

Berwentwater ... 

6*56 

1 -218 

•043 001 

•0 

i 044 

1-29 

1*74 

Derwent 

6 0 
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*011*004 
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*044 

1 09 

3*37 
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042 

•017*0 
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•99 

1*1.5 
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418 

•235 

05 

•001 
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•79 

2-70 
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C'4S 

•149 

•020 -0 

•044 

•064 

•90 

3-90 

JEtbine 

16-80 

•108 

•OlJSj-003 

•0 

*015 

•20 

10*76 hard water. 

Kivington Pike.,. 

8-48 
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■oaijooi 

0 

•084 

153 

3*72 

Bydal 

4-44 

*254 

•043 -002 

•0 

•045 

•69 

3*10 

Severn, above ) 
Kewtown. J 

6-60 

•128 
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•010 

•028 

1*36 

309 

Skiddaw 

4*34 

•132 

•024 001 

•0 

‘025 

1*09 

3*37 

Swanston Water.. 

12-70 

•378 

•059 

'•001 

•0 

•060 

1-39 

6*22 

Windermere 

6*78 

*299 

•076 

*00 

*018 

•006 

^9 

4-04 

Zng 

18*20 

•149 

*026 

•0 

trace 

•026 

•27 

9 08 hard water. 

Zurich 

14*80 

•092 

•009 

-002 

*0 

•oil 

•17 

10*61 hard water. 


• Pabkbs* Practical Bygmet 7th Ed. 
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%^%,— What should he the limiit of organic carbon and orgcmic 
nitrogen in spring and deep well-waUr ? 

Spring and deep well-water ought not to contain, in 100,000 
parts, more than 0*1 part of organic carbon or *03 part of organic 
nitrogen. If the organic carbon reaches 0*15 part in 100,000 parts, 
the water ought to be used only when a better supply is not obtain- 
able. 

269 . — How may the contents of cesspools affect the quality of 

superficial well-water ^ 

The liquid sewage percolates through the soil and joins the 
underground water below. As the underground water is slowly 
but steadily moving along in the direction of its natural outlet, the 
position of the well, in regard to the cesspool, is all-important. 
Should the well be above the cesspool, the underground water flow- 
ing from the well to the cesspool, the risk of pollution is greatly 
diminished, so long as but little water is drawn from the well. If 
the well is below the cesspool, it must infallibly be polluted with 
the cesspool soakage. 

270 . — Give a diagram illustrating pollution of surface well by a cess- 

pool. 



Cesspool leaking into soil, and contaminating the water in well. 

A, Cesspool ; B, Drain ; C, Well. 

271 * — What other importance has this relation of cesspools to super- 
t jicial wells ? 

This is one of the reasons why in the sinking of a well the- 
direction of the flow of subsoil water currents is so important, 
for should they pass beneath houses, near well-privies, etc., the well 
they feed may become the means of pestilence and death, instead 
of serying the functions of life and health. The surface soil in 
India is chiefly of a loamy character, and therefore permits of free 
percolation of water, which water, as we have before stated, carries 
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with it the impurities of the soil. The descent of the water beyoud 
a certain level is stopped by a layer of clay, but the water oscillates 
upwards and downwards, and this oscillation helps to increase the 
degree of satui’ation with impurities, which are conveyed with the 
subsoil water to any wells which this subsoil water may feed. 
Before being opened for use, the w'ater of all newly-dug wells should 
be chemically analysed. Cesspools are but rarely made water-tight, 
as they would then require to he frequently emptied. When sunk 
in a porous soil and merely lined with bricks without mortar or 
cement, the liquids soak away, and the solids — small in volume — so 
gradually accumulate, that the ces.spool can be closed over and need 
not be opened for years. 

272 . — Hoto maij the hitermlttenl pollution of the well he produced in 
such (I case 

From a rise in the gi’ound-water by which it reaches a cesspool 
at other times too far above its level to affect it. 

^^3.— Explain Imw the pollution of a well takes place when situaUfd 
close to a cesspool 

If the underground current be from the cesspool to the well it 
will be dangerous, hut not necessarily so if the flow bo from the well 
to the cesspool. Most wells are dug simply with the view of obtain- 
ing water and of having it as convenient to hand as possible ; the 
cesspools are dug similarly, with a view to convenience, except that 
the demand here is that tlie liquid contents shall readily drain 
away. Provided the well furnishes an abundance of water, and the 
cesspool allows the liquid refuse to soak away, and, on this account, 
seldom require.s cleaning out, there is little concern as to what goes 

unobserved beneath the surface of the ground. In the course of 
time the well-water is discovered to be impure, either by the bad taste, 
or by analysis of the water which has been grudgingly ordered 
owing to the suspicious sickness of some who have drunk the water. 

274 . — What conditwna determine the freedom or otherwise of a shah 
loio well from cesspool or seioage pollution ? 

They are: — il) Its position as to cesspools or other sources 
of pollution, with regard to the flow of underground water; 
(2) the amount of depression of water-level in the well which 
may be produced at anjr time by pumping ; (3) the nature of the 
soil in which the well is sunk, as regards porosity and the easy 
passage of water. It is quite possible, if these conditions are attend- 
'Od to, to sink a well that shall be uncontaminable in or near it 
village, in which the shallow wells generally are horribly polluted 
with cesspool soakage. 

27 & — Suppose a well to he contaminated by sewage, how may ike 
source of pollution he detected f 

If well-water is found to be charged with sewage, the origin of 
contammation may be ascertain^ by throwing a little cMondi 
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of lithium into ono of the suspected sources, and, after daj or two 
•examining the water of the well for lithium, with the aid of the 
upectroscope. This instrument will detect extremely minute traces 
of the metal, if any happen to have reached the well. If none are 
dbund, another possible source should then in like manner be tested. 

may contamination from surface drains he avoided t 

This form of ooutamination is preventable to a considerable extent, 
iby constructing a proper parapet wall around the mouth of the well. 
AJl wells should be protected by being lined for a depth of 15 feet 
e,t least, with a thick layer of hydraulic cement. Even shallow 
wells would be improved by this means. If the subsoil water sinks 
•below the level of this lining, it has at least been filtered through 
15 feet of soil before entering the well. .A s an additional precaution 
agaiust direct contamination by surface and subsoil water, the soil 
around the tube of the well should be puddled to as great a depth 
as possible. The original excavation sliould exceed the diameter 
•of the well by 3 feet, to allow of thoroughly well-worked puddle being 
rammed down. This puddle must be impervious, and the best form of 
earth for puddle is a light loamy soil with a small share of sand. 
Surface alluvial soil is useless. From the outside of the basement 
of the parapet wall, there should be a smooth, sloping, pavement, 
extending for a distance of 5 feet or so, and this should be surround- 
ed by a masonry channel lined with good cement. This channel 
should convey all refuse water to a cistern, from which latter it 
could be periodically cleaned out, or better still, the drain might lead 
to one of the public drains. 

277 What relation should the position of the tvell hear to possible 
subterranean sources of pollution. 

The well must be sunk in such a position as regai*ds possible 
sources of pollution, that the underground water ttows from the well 
to the sources of pollution. The distance of the well from snob 
•possible polluting sources should be from 100 to 160 times the de- 
pression of the water in the well that is ever likely to be produced 
by pumping, this distance varying with the nature of the soil. The 
mouth of the well should be closed over, for the water raised by a 
windlass, chain, and bucket through an open mouth are liable to 
•accidental contamination from refuse being thrown in, or animals 
’^ling in, To prevent contamination from impure surface washings, 
the mouth of the well should be protected by a^oping, and 
drainage water from the pump conducted away to a safe distance. 

Where the level of the underground water is but a few feet from 
the sui^ace, it is obvious tliat the surface water, which may contain 
impurities, has but little chance of being purified by oxidation in its 
piMsage through the soil to the well. But the grosser pollutions 
that Miallow well-waters suffer from, come, not from this source, 
but from leaking drains and cesspoolsiu the vicinity. 
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may the direction of flow of the underground water he- 
determined ? 

From the contour of the surrounding country; and this 
evidence can be confirmed by observations on the height of the 
underground water at different places, as determined by the height 
of the water (above sea-level or ordnance datum) in different wmls, 
for the level of the underground water falls as it approaches its out- 
let, giving rise to a curve. 

^79.—Whcit is the relation hetween the height of the subsoil vj at er 
and the deidh of the water in the well ? 

When much water is removed from a deep well, the level of the 
water in it descends below that of the subsoil or ground-w'ater. The 
subsoil water now directly feeds the well and flows towards it in 
such a way, that the area of soil draining its water into the wells 
forms a sort of pyramid with the apex downwards, the apex corre* 
sponding in size with the calilire of the well itsqlf. The result is that 
all the soil that is embraced in the area covered by the base of the 
pyramid drains its water into the well. Further, the impurities of 
any foul ponds, and filth deposits w'ithin its reach, are washed into 
the well In the case of some wells the lai’ger the mmntity of 
W'ater drawn from them the larger the base of the drainea area, the 
greater the amount of subsoil water entering it, consequently the 
greater the degree of contamination. 

280 . — How may we determine the permanency of supply in a well ^ 

In an inhabited place by enquiry of one of the oM neigh- 
bouring inhabitants. In an unoccupied area, by observing the nature 
of the surrounding country. [A yield at the foot of hills is probably 
perennial.] Should there be an abundance of CO^ in the water, this is 
a guarantee to the permanency of the well as it is probably 
replenished from some subterranean lime-stone reservoir — chalk 
beds have, as a rule, large underground collections of water : increase 
in temperature in the water is likewise a sign of permanency. 

^Bl.-Why do surface tvells often dry up in summer time ? 

Because they are dependent on the subsoil for the water-supply. 

282 . — What effect may the sinking of a deep well have upon neigh- 

bouring wells ? 

It may exhaust the suppl}’ of all the neighbounng shallow wells 
for 2 or 3 miles as well as all the cesspools. ^ 

283 . — What was the opinion of the Rivers Pollution Commissioners 

in regard to water-supply from the Thames and other rivers 
from deep wells ? 

The last Royal Commission which had to do with water-sup- 
ply — name^, the Rivers Pollution Commission — spoke strongly 
m favour of almndouing thelhames and other rivers altogether, and 
thought it feasible to obtain the entire supply for the Metropolis from 
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deep wells within a thirty -mile -circle. That this would be done 
without decreasing the volume of the existing streams, which are 
in part siipplied by springs from the same formation, they do not 
pretend ; but they assert that the water thus obtained would cer- 
tainly be wholesome ; while the river-water is, to say the least, 
undesirable as a beverage 

284. — Wliaf may he said with regard to a well-water supply in 
towns ^ 

In all houses provided with a public supply, the use of well- 
water should be condemned, because, although it may be found 
fit for drinking purposes, the risk of pollution is always greatly 
increased in towns on account of neighbouring drains, and sewers, 

285— peculiar property is common to the water from all deep 
ivells ' 

One feature, which is common to most of the deeper wells, is 
that of the elevated temperature of the water. It is well known 
that the temperature of the earth increases somewhat regularly from 
the surface, and the effect of this is felt upon the waters which are 
obtained at considerable depths. The temperature of the water 
which flows from the widely-knowui well at Cirenclle, Paris, which is 
about 1,80() feet deep, has a temperature of C. (8C^' Fahr). The 
water of an artesian well in Louisville, Kentucky, which is 2,086 feet 
deep, has a temperature of 76*5*^ Fahr. There are, however, some 
wells which seem to form an exception to this rule, and different 
wells do not show the same rate of increase in temperature from 
the surface dow nivard Of course a water with a temperature of 
80^ Fahr.. while admirably suited for some purposes, is not fit to 
drink unless artificially cooled. 

286. — TF/ii/ are deep wells being now ahandoned in as a source of 

water-supply in large towns f 

Because they arc found to be insufficient for the w^ants of a 
rapidly-increasing pojmlation, and obviously cannot be multiplied 
within a given district beyond certain limits, because every single 
well drains a surrounding area of some considerable extent. For 
largo isolated buildings, however, such as lunatic asylums, work- 
houses, and prisons, they usually supply the whole of the water 
.required and in selecting a site in the country for any such build- 
ing, the possibility of obtaining the re(pii.site ^ater-supply, and the 
cost at which it can be procureti, are points of tlie first importance. 

287. — IFW is the usual source of supply ia) small districts and 

what in general terms may he said against this supply f 

In amall'urban and rural districts surface wells, whether as 
ordinary pump wells, draw wells, or shallow dip wells, constitute 
the usual source of supply, and though they may naturally yield a 
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Wholesome water, the surrouDding soil ofteu becomes so saturated 
filth impunties that it is next to impossible to prevent their poUHr 
tion. 

880 . — Are deep wells open to this objection ? 

No, because they are generally sunk through an impervious 
stratum, which prevents the infiltration of any surface impurities, 
and at the same time serves to keep down tlie water in the porous 
strata beneath. 

889. — Does a much frequented and used well always contain 

pure water 

That a well is popular as a source of drinking-water is no guar- 
antee to the purity of its water. The water of wells containing 
organic matter undergoing decomposition frequently has a peculiar, 
but not unpleasant taste, and the slightly sparkling appearance 
given to it by the carbonic acid formed in the decomposition of tho 
contained organic matter, gives it the specious characters of a good 
water, and induces people to seek a particular well in which this 
process is going on. 

890. — What is the risk of storage of deep well-water ^ 

It has been found in many cases that there is great liability of 
vegetable growth when the water is exposed to air and sunlight, so 
that, if it becomes necessary to store the water before the distri- 
bution, covered reservoirs must be used for the purpose, at least in 
warm climates, and it should be consumed before such growth can 
occur. 

891 -—Po several borings in one locality or in juxtaposition 
materially increase the yield of water supplied ^ 

Practically, it is found that one boring adds to the supply of a 
well nearly as much as several. Thus in the Bottle well at Liver- 
pool, with 16 bore-holes, some of which were 600 feet deep, Kr. 
Stephenson found that when all were plugged up but one, the yield 
was 921,192 galons per day, and when all were open it was only 
increased by 112,792 gallons. 

898 * — In what other way may the yield he increased ? 

It has been in many cases found that the driving of headings 
and adits horizontally oelow the water-level, is more effective in 
increasing the yield of wells than deepening them. 

893,— JTbic is this explained ? 

By the facts that the area of collection of water is thereby 
increased, and there is a greater likelihood of striking the fissures 
Ibrom which the largest volumes of water are obtained. 

894I-— iflbw do we account for ike small qua/niUy of orgcmic matter in 
deep wells a/nd springs f 

Ifwj little organic matter survives the exhaustive prooess ol 
ittimitteiit fiha»tion which water sti&rs on its way to deep weBbi 



WSUL tWllTSB. 


69 


II.] 

Maud fipHirgs. In <vtrellR, ^on tVve otrber liand, witile muitdi 

ot^{«aiio matter in the water may be oxidised, living eporee 
germs capable of propagating ’disease may TstrrviVe: thepurifyiiig 
efffeot of filtration hito strch wells is therefore not to be depmded 
upon, as it may cease altogether if overtaxed. 

995 - — 78 welhwdterjrom granitic rochs wholesome ? 

Yes, as a rule it is exceedingly wholesome as are all waters 
from rooks of volcanic nature. 

896 . — Whence is the greater •part of the rural poptdaMon of JEng- 
land supplied with water ^ 

Almost exclusively from shallow wells ; formerly shallow wolls 
were also the usual sources of supply in towns, bat these, in nearly 
all instances, have now been abolished in favour of public supplies 
from unpolluted sources. The' Rivers Pollution Commissioners 
(Sixth Report) stated that in their experience shallow wells are 
almost always horribly polluted by sewage and by animal matters of 
the most disgusting origin. 

297 . — JIow may we roughly ascertain the depth of the subsoil waierT 

The height of water in a well may be taken as a good guide at 
to the depth of the subsoil water. 

298 * — Goncntlly speaking ^ upon what does the chance of obtaining 
a good supply depend ^ 

Upon the nature of the underlying strata, and upon the level 
of the proposed site. Wells sunk in superficial sand or gravel beds, 
though yielding a good supply at ordinary times, are very liable to 
have their yield very much lessened in seasons of drought, unless 
they are situated at points considerably below the level of the sur- 
rounding country, and the same remark applies to surface wells in 
the chalk districts. On the other hand, deep wells or borings in the 
new red sandstone, and oolite or chalk formations, usually yield a 
large and constant supply, because these permeable rooks are so 
saturated with water that they may be regarded as vast subterranean 
reservoirs. The deepest artesian wells in the world are those 
Grenelle in Paris and Kissengen in Bavaria, the former being 1,800 
and'tbe latter 1,878 feet in depth. 

299 . — Highly polluted shallow well wate^i'may appear to he good : 
hoio is this to he explained ^ 

It is a curious circumstance in regard to tbe"^ grossly polluted 
waters of many shallow wells, that they are as a rule clear, sparkUn|r^ 
and very palatable. The organic filth from cesspools and nrains, m 
its passage through even a few feet of porous soil, is filtered and 
deprived of snspended matters, bdt without losing its dangerous 
properties. The shallow well into which the filth percolates is 
found to furnish a water loaded with ammonia and ohldrides--evi- 
denoet of sewage (urine) oontamination-^^wilh organic matters, but 
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jet, from its confining abundance of carbonic acid gas, sparkling 
and palatable. If such a water, however, is pat in a bottle and kept 
in a warm place, it very soon becomes turbid, then putrid, and is 
found to swarm with bacterial life. Such wells, too, after a heavy 
rainfall, are very liable to furnish a turbid and foul-smelling water 
which nobody would think of drinking. The heavy rain washes foul 
substances in the soil, derived by soakage from manure heaps, mid- 
dens, privies, or cesspools, straight into the well, no time being 
idlowed for that filtering and partial purification by oxidation which 
does so much to give the well-water at ordinary times its pure but 
deceptive appearance,* 

300. — Mention an example of an artesian boring in Lon<kyn f’ 

That of the Meux Brewery in Tottenham Court Boad, which has 
a depth of feet. 

301. — Through ichat strata does it pass ^ 


From above downwards : 

Gravel . 

London Olay 

Woolwich, and Beading beds (sands, clays, <tc.) 

Tbanet Sand 

Chalk 

Upper Greensand 

Gault 

Lower Greensand 

Devonian 


22 feet. 


it 

57 


21 

it 

655 

•t 

28 


160 

it 

64 

ft 

80 

it t 


302. — What is an artesian well f 


It is a shaft sunk or bored through impermeable strata, until a 
water-bearing stratum is tapped, when water is forced upwards by 
means of hypostatic pressure due to the superior level at which the 
rain-water was received — it spouts out as an artificial stream. The 
water from such springs is generally very good and wholesome but 
lies BO deep that it is too costly to bore. Its origin from a widespread 
area of water accounts for the supply from it being constant. 
In certain low-lying districts, where a boring is made at a point 
considerably below the level of the line of infiltration into the water- 
bearing stratum, the water rises above the surface and overflows. 
Snob overflowing wells, or artesian wells as they are called, were 
once common in the valley of the Thames. [An artesian well draws 
the water that is confined beneath the retentive stratum and which 
is there under high pressure, and has probably flowed from a com- • 
paratively great distance.] 

BOB.-— Estplain the method of sinking an artesian well ? 

Artesian wells, so called from having been first sunk in the 
province of Artois, in France, are often of very great depth, 

* HpgUne and Public health by Locis Paexxs, 2ud Ed. 
f BuBRELn’s Mctnual of Water Supplies, 
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penetrating a water-bearing stratum which crops up elsewhere at 
some higher point ; by this means' the water rises in the well to the 
height of the outcrop, so as in some cases to flow considerably above 
the level of the well-opening. Advantage of this is taken in the 
process of boring, so that the force of the water is sometimes 
sufficient to force up the debris out of the boring- tube. The 
plan u finally followed is to dig a wide well-hole for some depth, 
and then to complete it with a long bore- ty be of narrower diameter. 
The water of artesian well is usually good, but its composition is 
peculiar, as it contains a larger amount of salt than the best 
spring- waters, and also often a good deal of ammonia. This, 
however, has nothing to do with recent organic impurity, and may 
be disregarded. Its aeration is less perfect than that of other 
waters, particularly in the absence of oxygen, but it contains enough 
nf carbonic acid to make it moderately palatable, whilst a very short 
exposure to the air enables it to absorb oxygen. [Artesian wells are 
artificial springs, made by boring deep into the ground, until a 
layer of water is struck which at some part has a higher level ; the 
water rushes up to the surface, or at least to the level of its 
highest point. From the great depth of such wells, the water is 
generally free from any dangerous impurity. It is sometimes hot, 
however, and is nearly always badly aerated, and consequently 
not very palatable until after some exposure. Boring tools of large 
diameter have been recently introduced, and these are found less 
costly, whilst the borings are more easily made. At some new 
works in the chalk at Southampton, the bore tubes are six feet in 
diameter.] 

304 .— TF7^a< are the characters of artesian tvelUirater ? 

The composition varies greatly. In some cases the water is 
so highly charged with saline matter as to be undrinkable : the water 
of the artesian well at Crenelle contains enough sodium and 
potassium carbonates to make it alkaline ; there is also often a 
oonsiderable amount of free (or saline) ammonia. In some cases 
the water contains an appreciable amount of iron ; in other cases, 
especially when drawn from the lower part of the chalk, or the 
fn^ensand below it, it is tolei’ably pure. Its temperature is usually 
high in proportion to the depth of the welL The aeration of 
the water is often moderate, sometimes niZ. These last two points 
sometimes militate against the employment of water from very deep 
wells. ^ 

• 305 — TF/ieii arc artesian wells fomied ^ 

When the stored-up water is confined by an overlying stratum 
'Of impervious material, we have the conditions requisite for the 
formation of an artesian well. 

306 . — Into wJiat strata have the most common and the most 
sucoessfid artesian wells been sunk f 
Into the chalk strata. 



'mt—mere are artesian wells ^frequeriily met with ? 

in 4he nbalk ttnd new red sand^ne'die- 
and aire tnaiib to iiioraaae the yield of the welln. Practical^ 
it is fnaiid that 6ne boning adds to ^Ihe Bopply of a well nearljras 
ittliich m BOveiial. (See No. 292.) 

is the chief advoAntage of artesian wells as a source of 
iown-supply r 

In localities where the only water really fit to drink, is Stored 
rain-water or water from some very limited source, it is advisable, 
if possible, to procure in this way a supply of water which shall 
lUiswer for most public uses and for many manufacturing purposes, 
although it is true that a good deal of uncertainty always attends 
the sinking of the first well which is bored in any particular 
locality. 

809 . — Are artesian 'irell-waiers always pure ? 

Exceptionally, an artesian well may furnish a polluted water- 
snpply ; and some have furnished unmistakable evidence of the 
aources of their impurities in the shape of dead fish, marsh plants, 
roots, and seeds ; it is supposed that in some of these cases 
materials have been conveyed in subterranean conduits from great 
distances. 

310. — What are the essential diffei^ences between an artesian and 
an ordinary well ? 

An artesian well is a boring made into an underground body of 
water, confined under pressure by an impermeable stratum of rock, 
clay, etc. 

This stratum being pierced, the water in endeavouring to rlsb 
lo the height of its source rises tow^ards or above the surface of the 

groimd. 

An ordinary well is sunk down to water not so confined. 

The rising of water from a firecock or a strut main illustrates 
the principle of the artesian well, a pump used for raising water 
from an nnderground rain-water cistern Shows the action of an 
ordinary well. 

Ap artesian well hardly becomes polluted in the ordinary sense ol 
the term, water may, however, be so impregnated with minerals 

as to be unwholesome, or its temperature may be inconveniently 
high. 

Ordinary wells may be divided into two classes, deep and shallow. 
Bhallow wells gather their supply from the surface or irom springs 
near enough to the surface, to receive surface pollutions anti are^ 
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Hieible to receive eoa^kings from bi^bly manured fields or gardens^ 
ftevm Bud privy middens, dang heaps, shallow cesspools, etc. 

Deep wells are such as are sunk to such a deOih as to be secure^ 
from surface pollutions ; the water in them will either have been 
^thered originally on clean surfaces or have undergone natural 
nitration. 

Sluch a well may be and has been polluted by another similar 
wall which has been sunk into the same water-bearing stratum and 
has been afterwards used as a deep cesspool, contaminating the whole 
body of underground water. 

Both kinds of well are liable to pollution from a faulty drain 
running over the cap or close by top of well. [All ordinary wells 
should have a thick and w ell-worked backing of puddled clay behind 
the brick or masonry lining (or steining), the puddle to extend 
from the ground surface to a bed of impermeable clay or rock, and 
also a good covering of puddle over the cap. Drains should be kept 
lit a distance ; a surface channel being used to carry off waste from 
pumps. Shallow wells polluted by soakings direct from surface of 
ground should be closed ] 

An ordinary well does not go through a retentive stratum; an 
artesian well does — it taps the water situated beneath the stratum, 
which water is there under considerable hydraulic pressure, and 
frequently has a distant source of supply. 

311 . — Name afetv celebrated artesian wells ^ 

1. That in the Abbatoir in Grenolle near Paris, it is 1,800 feet 
deep, cost £10,000 to bore, took 10 years to complete, was first 
lined by an iron tube which has been changed to copper. It 
yields 656 gallons of water per minute with a temperature of 27®C. 

2. That in Kissingen, in Bavaria; it is 878 feet deep, and cost 

£ 8 , 000 . 

3. The new La Cliapelle well in the Paris Basin. 

^'X^.-r-^Deserihe the new La Chapelle artesian well. 

Its depth is 720 metres, water rising 35 metres above the'mouth. 
It ^ves 6,000 cubic metres in 24 hours, [It has been proposed to 
utilise this force to drive a dynamo for the production of electricity. 
In Florida, the water from an artificial well drives a turbine wheel 
and dynamo.] 

313 . — Mention some of the causes of faUnres in artesian ^well 
borings. 

Befits and faults which abound in some roCks, and the deep- 
tavinee and valleys by which some countries are traversed ; for when 
these nBtUffil iines of drainage and strata are interrupted, tliere 
vemainB but a small cmafitity of water to escape by artlficittl issui 
t^ffures may arise from the great thickness of the porous 
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impervious strata, or hjr the dip of the strata, which may carijr off the 
water from adjoining high lands to dips in the opposite direction, 
as when the borings are made at a point where the strata incline in 
a direction inwards or opposite to the base of the cliffs. 

314 . — In projecting an arteeian well for a town-supply what 
important points demand attention f 

The geological character of the locality where the boring is to 
be made, and, as far as possible, the source of the water. Indeed, 
without a knowledge of the probable character of the particular 
locality, sinking an artesian well is like investing in a lottery, and 
hardly justifiable as a municipal undertaking. It is true that many 
wells are sunk without the advice of competent authority, and some 
nf them are successful ; as a rule, they end in failure. Inc instance 
•of the St. Louis, Mo., artesian well, where £10,000 sunk in the well, 
is instructive in this connection. 

316.~^re artesian wells used for town-supplies in any instances ^ 

Yes, for example, the Bottle well, Liverpool, and the well at 
'Grenolle. One portion of the City of London is supplied by the 
Kent Waterworks Co., which famishes upwards of 9,000,000 gallons 
daily, taken from wells in the chalk, in the neighbourhood of the city. 
The water is quite hard, and hence ill-suited for use in washing, 
but is clear and colourless and wholesome. There would be no 
difficulty in softening the water ; in fact, a portion of the supply, 
when some of the wells were in the hands of another Company, was 
softened by Clark’s process to the extent of 1,000,000 gallons per 
day. 

316. — Mention another difficulty in the use of artesian wells for 

domestic supply 

The large amount of dissolved mineral matter which the water 
from such wells is likely to contain. As almost all rocks are more 
or less soluble, we should expect that water which had traversed so 
great a distance underground would be highly charged with mineral 
matter. Of course the character and amount of the dissolved sub- 
stances depend upon the nature of the strata passed through. Some* 
times the water is absolutely unfit for domestic use, although it may 
answer for extinguishing fires and watering streets or for irrigation. 
In other instances, the only 'difficulty may be that the water is 
too hard ; if otherwie ssuitable, such water may, in some cases, be 
softened. 

317. — artesum wells peculiar to Europe ? 

They are not ; they are common the world over. In Egypt and 
in China there are such wells of unknown antiquity, and during the 
last fifty years great numbers have been sunk m Europe and in 
JkmencA, Of th^e the larger nnmber have been sunk by private 
mi^ties in order to obtain water for manufacturing or other purposes. 
The wells differ greatly in depth and in character of the water. 
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In some cases the water is so strongly charged with common salt 
that it can be treated as brine ; in'other cases the water contains a 
variety of salts, and is used as mineral water, while in still other 
oases a soft water fit for all domestic purposes is obtained. 

31 8 « — What are driven or tuhe-wella ? 

They are contrivances in the form of tubes for obtaining water 
from superficial porous strata by means of borings. They were 
largely used during the Abyssinian Campaign, where the occupation 
of any piece of ground was necessarily temporary, the tube being 
•quickly sunk and as quickly withdrawn. 

319 * — DeacHhe a driven-well ^ 

In many localities, a shallow well dug into the ground reaches 
the ground-water at no great depth, and if the well be carried to the 
bottom of the water-bearing stratum, an impervious bed of clay is 
reached, beneath which a second bed of gravel may be found, also 
water-bearing. This second supply of water may be of very differ- 
ent character from the ground-water proper, and under ordinary 
circumstances is less liable to pollution. A very common method of 
obtaining water from such a source, and one that is employed also 
in some cases in utilizing the ground-water itself, is that of “ driven- 
wells,” “ tube- wells,” or, as they are sometimes called abroad, 
“ Norton,” ” American” or “Abyssinian” wells. These wells are made 
by forcing wrought-iron (or galvanized iron) tul)es, such as are used 
for gas or water-pipes, into the stratum from which the water is to 
betaken. The pipe is generally from to 2 inches in dituneter 
and is furnished at its lower end with a wrought-iron or steel point; 
above this point the pipe is perforated for some distance with 
ho les to admit the water. The pipes are usuall}’ driven with a mallet 
(sometimes by means of a driving weight or “ monkey ”), and 
when the top of one tube has come to be at the surface of the 
ground, a second length is attached. In order for such a well to be 
successful the deposit into which it is sunk must be quite porous, so 
as to allow a free passage to the water ; this is especially the case 
where the water is required in considerable quantities for manu- 
facturing purposes or for town-supply. 

320 . — Are tube-wella equally liaule to contamination vntli ahallow 
wella ? 

They arc not ; leakage of sewage into such wells is much less 
liable to occur than into ordinary shallow wel4.» Nevertheless, 
When the pump is vigorously worked, sewage may be drawn into 
the tube from a considerable distance. Of course, tube-wells are 
sot adopted for any but limited supplies of water. 

331 . — Now are they uaed f 

An iron tube with a steel nozzle having perforations at its lower 
end for the passage of water, is driven into tne ground by a driving 
weight or monkey before it has altogether disappears into the 
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ttrouad 'Wotber leni^b of tube in screwed on, and this is tbsti 
oiivea dnto tbe atnl. Snccemive lengths of imbe are 
tmlil a depth of 20 to 28 feet is reached when a hand pump is 
screwed on »to the top, and the water pumped out. Difficulty is 
often experienced from sand blocking the lower part of the tDd>e' 
and the perforations. The sand must be dislodged by clearing tools, 
OP*punipod out until a space free from sand is formed around the 
nozsfle, and the water issues clear and bright. 

922 . — Whut is the chief use of tuhe-weUs ? 

They are useful for small and temporary supplies, such as may 
be need^ by small bodies of men, when travelling through deso^s 
or unknown countries. 

:i28. — Describe the London basin in relation to its sources ofwater^ 
supply. 

Beneath the Lower London Tertiaries comes the chalk, with 
its outcrop in the chalk hills and downs, north, south, and west of 
the Thames basin, and many miles from its centre. The outcrop 
forms a very extensive catchment area for rain, which, percolating 
through the joints and fissures of the chalk, gives rise to vast 
reservoirs of subterranean water in the underground extension of 
this rock beneath the tertiary beds of the London basin. As the 
London basin is hollowed into the form of a shallow trough, the 
sides of the trough being the outcrop of the chalk in hills and downs 
it follows that the water in the chalk is also trongh- shaped, and that 
when wells or borings are sunk into it near the centre of the London 
basin, the water tends to rise in the boring, and may even overflow 
at the surface forming true artesian wells. Such wells exist in 
some of the low grounds of the valleys of the Thames. Wandle, and 
Lee ; but, as a rule, in the chalk borings in the neighbourhood of 
London, altboupb the water rises, it does not reach the surface. In 
consequence of the number of borings drawing water from the Chalk 
near London, the water-level has been lowered; and borings have 
now to be made deeper than formerly. Owing to the joints and 
fissures in the chalk allowing a free passage of water, the distance 
which a well or boring drains, when its water-level is depressed by 
pumping, is very great ; and thus borings at considerable distances 
from one another are mutually affected by continued pumping in 
any one of them. If a boring in the chalk should not happen to 
open up any fissures or cracks, it may supply but a limited quantity 
m water, or none at all. The London basin is interesting as aif 
Oltample of a geological formation with water-bearing strata in 
different rocks at varying depths from the earth’s surface. Most 
superficially are the snbterranean waters in the beds of gravel or 
alluvium of but slight thickness (10 to 30 feet) upheld by the 
liondon clay. These waters supplied the shallow wdls wiiii^h for- 
jmerly formed so large a , part of the water sqpply of London. After 
boring through the Xiondon clay (ICK) to '400 feet in the neighbour- 
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bcood^of. London) water in again reached — or was before these strata 
were exhausted*— in the Lower London Tertiaries, Ijeds of sand* 
grave), or clay of variable thickness (20 to lOOfeet) with limited 
crops beyond the edge of the London clay, and more or less sur- 
rounding it as they rise from the margin of the ba&in. The places 
where these beds are best exjwsed, and from which they take their 
names are Blackheath and Uldhaven, Woolwich and Keading, and 
the Isle of Thaiiet. 

are waters from springs and wells hard ^ 

The portion of the rainfall which sinks into the ground becomes 
heavily charged with carbonic acid from the air in the inter- 
stices of the soil, and aided by this and by the increasing pres- 
sure, it dissolves out lime and various mineral salts from the strata 
through which it passes on its way to either springs or wells. 

885 . — What precaniion should he taken before enienng an old well 
or vat ^ 

A lighted candle should be let down, and if it goes out, the air is 
deadly. Many lives hiwv been lost through ignorance ol this little 
fact. ♦ 

386 * — What gas in often contained at the bottom of old wells, beer 
vats, and drains ? 

They often contain an accumulation of carbonic acid gas, which 
is invisible and indorous : to enter any place containing ten per cent, 
of this gas means death. 


CHAPTER III. 
Spring and Lake Water. 


887.-~I« spring ‘Water wholesome ? 

Spring-water is, as a rule, very pure, though it is occasionally 
hard ; that from deep springs is the best of all potable waters, being 
a naturally filtered water. It is only when springs are super- 
ficial, or within reach of contamination, that there need be any 
apprehension of their creating or transmitting disease. Fountains 
are imitations of natural springs. Just as water rushes or springs 
4rom any artificial fountain that is supplied thr<ftigh pipes from a 
reservoir at a higher level, no matter how far distant the reservoir 
may be, so water naturally springs from any crevice or porous spot in 
the ground that is supplied through the underground channels with 
rain-water which falls on a higher level, no matter how far distant 
that higher gathering ground may be. A spring of this kind may 

Vide Indian Medical Record, 189], for case of Carbonic acid poisoning with 
drowtimg tvotti this cause communicated by the Author 
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be met at or near the surface of the grotmd, or at a considerable- 
depth, and the same physical law is at work here as in the case of 
artesian wells. In quality^ the water of springs \8 much the same 
as that of deep wells, and it contains usually the same kind of 
gases and solids. It is clear and sparkling from the dissolved 
carbonic acid gas which it contains. 

328 - — Explain the origin of springs ? 

Everyone is familiar with the fact that certain porous soils, 
such as loose sand and gravel, absorb water with rapidity, and that 
the ground composed of them soon dries up after heavy showers. 
If a well be sunk in such soils, we often penetrate to considerable 
depths before we meet with water, but this is usually found on our 
approaching some lower part of the porous formation where it rests 
on an impervious bed ; for here the water, unable to make its way 
downwards in a direct line, accumulates as in a reservoir, and is reaidy 
to ooze out from any opening which may be made, in the same 
manner as we se^ the salt-water filtrate into and fill any hollow 
which we dig in the sands of the shore at low tide. A spring, then, 
is the lowest point or dip of an underground reservoir of water in 
the stratification. A well, therefore, sunk in such strata will most 
probably furnish, besides the volume of the spring, an additional 
supply of water. In other words they are formed by the crop- 
ping oat ’’ on the surface of tlie earth of the impermeable stratum 
which holds the underground water up, i.c., prevents it from sinking 
further into the earth. They are natural outlets of underground 
water, and are usually divided into main and “ land ’’ springs, 

329. — What are the effects of boring through snch an upper 
impervious stratum of rock f 

The water-bearing layers of rock may force the water up the 
borehole to a considerable height. The latent spring is, in fact, 
tapped and made available for use. Good examples of artesian 
wells are met with in the Thames Yalley, and furnish excellent 
water-supplies. On the hanks of the river Wandle, near Morton in 
Surrey, the water in such wells rises to the level of a few feet above 
the sui’face of the soil, and by means of inverted J-shaped pipes, is 
discharged in snch a manner as turn water-wheels. 

3Z0.— What are the characters of spring -waters ? 

These exhibit every variety of composition, according to the 
geological formation in which they arise. As a rule the waterSi 
Srom all springs are alkaline, and they contain in solution more or 
less carlionates of lime and magnesia ; those from the chalk are 
particularly hard, but organically pure. Deep springs are very 
constant in their composition, and do not exhibit markedly signs of 
aeasonal variation. 

331 * — Why are springs often intermittent f 

They arc often intermittent, ceasing altogether to flow during 
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the summer, when the underground water is exhausted, and begin- 
ning again in the autumn, veiy soon after percolation commences. 
Intermittent springs are also formed where a valley cuts across the 
highest levels of a large volume of underground water, so that the 
muring flows only for a short period of every year — usually in 
February or March — when the highest water lino of the under- 
ground water is tapped by the depression of the valley. The reason 
of this appears to be, that the soil is able to evaporate about 
12 inches of rain in the six summer months. If the summer rainfall 
is much less than 12 inches, there is no percolation at all ; but if 
the rainfall exceeds 12 inches, the difference percolates, and helps 
to replenish the underground waters. In the chalk, about 37 per 
cent, of the entire rainfall jiercolates ; in the new red sandstone 
about 25 per cent. ; in the magnesian limestone 2o per cent ; w'hilst 
in the loose sands and gravels about 90 per cent, of the rainfall 
is said to percolate. 

332 — What are Intermittent springs, or honr^ies,'’ as they are 

technically termed 

They were formerly supposed to be formed by natural siphons, 
emptying from time to time undergroniid reservoirs of water; but 
no such siphon emptying any underground ro.servoir has ever, in 
fact, been discovered ; and all the phenomena connected with these 
springs can be .’satisfactorily accounted for on simpler principles. 
8uch springs are usually found near the chalk, as. c.r/., near Croydon, 
and at Asscndoii. 

333 - lender ivhat circnnisfanccs are springs good sources of water- 

siq^phj ' 

Springs afford good sources of water-supply for small com- 
munities, such as villages. Main springs are better than land 
springs, both because they yield water throughout the entire 
year, and because they are less liable to accidental pollutions, 
the great thickness of strata, through which the water percolates, 
from the surface, effectually oxidising any organic impurities 
it may contain. 8uch spring-water is nsuiilly clear and sparkling, 
W'ell aerated, and of nearly constant temperature throughout the 
year. It generally contains more or less of the salts producing 
hardness, and is, therefore, though palatable and wholesome for 
drinking, less suited for washing, cooking, and manufacturing 
• purposes, than the soft waters. [“ If the student should like to see 
natural springs yielding many millions of gallons of purest water 
all the year round, flowing quite unused, he should visit the valley 
of Basingstoke, and investigate the springs of the contributories of 
the river Loudon.**] 

are land spnringa ? 

Land springs are springs of water formed by the percolation 
of water tbrou^ superncial porous soils, such as sand, gravel, or 
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a^vial eartb, ovarlying impervioas strata, such as olay. Where 
the two stratsk— -4«be impervious aud the pervious'—crop out to the 
surface, or when the line of junction in the two strata is tapped, a 
land spring appears. 

385 . — UndH‘ wliat circumstances are such spHngs frequmtly met 
with ? 

In the carrying out of drainage and sewerage works and 
during the sinking of wells. Their yield of water is uncertain and 
precarious depending upon the extent of available porous-collecting 
area, which may be small. They are, however, frequ<=‘ntly replen- 
ished by the percolation from heavy summer showers which do 
not affect deeper springs and wells ; but they are also affected by 
season, the yield of water increasing during the winter months, 
October to March, and deci*ea8ing during the summer months, 
April to September. 

336 - — What precaution is necessary in adopting a land spHng as 
a source of v:aier sujyply for a house ^ 

The yield of water at one particular period of the year — 
^especially the yield in the spring — cannot be relied on as to quantity. 
The autumn yield is a safer guide to the abundance of the available 
supply. It IS always safest to gauge the spring several times 
during the year, and more especially during the summer and 
autumn seasons. 

Z37.- Where are these springs chiefly met with ? 

In regular geological formations, such as the chalk and green- 
sand. 

ZZ%,-W}iai are main springs ? 

Main springs are those deep-seated springs whose source is i^he 
main water percolating through great thicknesses of porous rook 
overlying an impervious stratum, and frequently the collecting 
area is remote from the spring itself. 

339 . — Qive an example of a locality in which such springs are 
abundant ? 

As an example it may be stated that the Thames Valley is 
surrounded by such springs, and the earliest municipal enterpriss 
the citizens of London for the conveyance of pure water to the 
City, had for its object the copious springs at the head of the valley 
the river Lea. • 

340 - — Kovo may pollution of springs he prevented '* 

To guard against pollution, the surface of the soil around the 
point of delivery of a spring should be walled in, and the water 
<Kmducted to the surface by a short pipe. In some cases it be 
necessary to collect the water issuing from a spring, and to store it 
in a reservoir before distribution to the houses of the consumers. 



‘CHAP. Ill,] HPRn’G AND LAKE WATER. 81 

34:1 '.— special point deserves attention when depending upon 
a spring Jur water-supply ^ 

The seasonal variation in the flow. If the selection is made early 
in the year, it may be found in autumn that the yield of the spring 
has been reduced to such an extent as to bo altogether iusumcient 
for the supply of the house. 

342. — Should (I spring be depended upon as a source of sitpphj ? 

Unless the yield of a spring is very much in excess of the supply 

required, it is never safe to depend ujion it until its yield in autumn 
has been ascertained, and even then one may be misled unless close 
regard h paid to the nature of the season — that is to say, whether 
or not the rainfall has been such as to cause an unusual amount of 
percolation. 

343. ~7it estiinating the prospective yirld of an untried spring tvhat 

special datum should he considered ^ 

The rainfall of the neiglibourbood ; for although the sources 
of deep springs are often in one sense mysterious, viz., that the 
water which feeds them percolates from great distances, and that it 
is often ver;^ difficult, if not impossible, to pointout the precise local- 
ity where the rain which supplies this water passes into the ground ; 
at the same time the fact is well established that the supply is due 
to rain falling on the surfac'e of the ground somewhere, and is limited 
by tlie amount of this rain, so that any expectation as to the amount 
, of water which can be obtained from deef> boring, without taking 
this circurnstanee into account, ’will very likely result in disappoint- 
ment. 

344. -Tr/m/ situations yield the best springs from a hygienic 

point of view ? 

Those are to be bygienically preferred which issue out of the 
ground at the foot of extensive mountains or plateaus, formed of 
rock penetrable to water, such as sandstone or chalk. 

345. — Is there any relation between the guality of spring and 

deep well-waters ? 

There is ; spring-waters present much the same characteristics 
as the water from deep wells sunk into the same strata as those 
from ’Which the springs issue. The oolitic rocks consist largely of 
carbonate of lime, and being porous and absorbent like the chalk, 
are capable of holding enormous volumes of underground water. 

ZM.-What substances may be contained in spring, river, and 
welUwaiers f 

They vary. There may be suspended matters, mineral, vege- 
table or animal ; dissolved gases, vis,, nitrogen, oxygen, carbon 
^ioxi^, and in some oases hydrogen sulphide, ana carburetted 
hydrogen ; and dissolved solid matters, coxisisting of lime, mag* 
xiesiai soda, potassa^ ammonia, iroxi, alumina, oombined with chlo* 

6 
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rine, and sulphuric, carbonic, phosphoric, nitric, nitrous, and silicic 
acids. More infrequently, or in special cases, certain metals, as 
arsenic, manganese, lead, zinc, and copper, may be present. 

^7.— Why are deep spring-waters so pure ? 

Because deep spring- waters have undergone a very perfect 
natural filtration. 

348 . — Is the flow through Assures in chnl7cl(rer %itiJi8ed as a source 
of supply ? 

Occasionally the flow of underground water through fissures 
in the chalk is employed to furnish an abundant water-supply, w’hich 
may be of considerable organic purity, as for example, at Brighton, 
where the necessar}" works were devised by Mr. Easton. 

34kB»^From what other sources besides underground springs may 
drinking-water he obtained ? 

On the Continent of Europe, and also in America, it is not un- 
common to obtain supplies of drinking-water from underground 
tanks, tunnels, and galleries sunk parallel and in proximity to the 
bed of a river. At Brighton, and other places on the sea-coast, 
little strearo.s of water may be seen flowing seawards from the higher 
part of the foreshore. These are commonly but en’oneously 
supposed to be formed by sea- water which has been dammed bacK 
into the porous strata at high-water. But when tested these 
streamlets are found to be composed of fresh water. 

350 . — On the vjhole tvhat may be said of the quality of spring^ 
waters ? 

Generally, it may be said that spring-waters, if not of a ther- 
mal, medicinal, aperient, or chalybeate character from the too great 
depth or unusual nature of their constituents, furnish pure and 
excellent supplies of water. 

3BX^What may be said of deep*well and spring^water as sources 
of supply ? 

That preference should always be given to spring and deep well- 
water for purely domestic purposes, over even upland surface- 
water, not only on account of the much greater intrinsic chemical 
pnnt^ and palatability of these waters, but also because their 
physical properties render them peculiarly valuable for domestic 
supply, ^ey are almost invariably clear, colourless, transparent, 
and brilliant, qualities which add greatly to their acceptability as 
beverages ; whilst their uniformity of temperature throughout the 
year renders them cool and refreshing in summer, and prevents 
them from freezing readily in winter. Such waters are of inesti- 
nmhie value to communities, and thmr utilisation and conservation 
•iw wortbv of the-, greatest efforts of those who have the public 
health under their o&rge* 
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3B2.—What are the special character of waters of springs from 
chalk districts t 

Spring-waters in the chalk districts are all more or less “hard,” 
and many ot* them contain such a large amount of calcium carbon- 
ate in solution as to be unfit for washing purposes. 

3B3.—-Hov) much oxidised nitrogen is there in springs and deep 
wells 

Water from springs and deep wells contains upon an average 
about 5 parts of oxidised nitrogen per million, shallow well-waters 
from 2 to 200 parts. 

354. — Uow may v:e measure the yield of a spring ^ 

“ A spring is measured most easily by receiving the water into a 
vessel of known capacity and timing the rate of filling. The spring 
should be o]iened up if necessary, and the vessel should be of large 
size. The vessel may be measured either by filling it first by 
means of a known (pint or gallon) measure, or by gauging it. If it 
be round or square, its capacity can be at once known by measuring 
it, and using the rules laid down m the chapter for measuring the 
cubic amount of air in rooms The capacity of the vessel in cubic 
feet may be brought into gallons if desirable, by multiplying by 
6*23 If a tub or cask only be procurable, and if there is no pint or 
gallon measure at hand, the following rule may We useful : — 

Take the bung diameter in inches, by measuring the circum- 
ference at the bung, dividing by 3 1416, and making an allowance 
for the thickness of the staves ; square the bung diameter, and 
multiply by 39. Take the head diameter in inches by direct 
measurement, and square it, and multiply by 23. Multiply one 
diameter by the other, and the jiroduct by 26. Add the sums, and 
multiply by the length of the cask in inches ; then multiply by 
•000031473, and the result is given in gallons.”* 

35B-What is the level of the underground water in relation to the 
sea-coast ? 

The head or pressure of tho underground water is always 
forcing, or tending to force, the underground water out of the rock 
at the point where the level of this comes out of the foreshore, 
whence at low-water the issuing water becomes visible. In winter 
the water-level in the soil forms a steeper declivity than in summer, 
when tho underground water stands at a lower level in the subsoil. 
By sinking? galleries into the chalk behind Brighton, and parallel 
with the line of sea-coast, down to a level with the low or summer 
level of the underground water, the rills of this constantly passing 
seawards through the fissures in the chalk rock are tapped, and 
utilised for water-supply. Further examination shows that where 
the coast is formed of pervious strata, as, for example, chalk, the 
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level uf the underground water forms a curve, beginning at a point 
between high and low water-level, and rising as the sea is receded 
from. 

356. — Are such sources alioays reliahle ^ 

In adopting such a source of water as lias been described, 
great care is previously necessary to ascertain that the water is 
nncontaminated, since fissures in the chalk are liable to serve as 
conduits for sewage from great distances ; and it is these chalk 
fissures w hich often render a water-supply di'aivu direct from the 
chalk a polluted or suspicious one, 

357 . — Whiit iiatural ivatcrs are best for scrofulous ronslitutuois '' 

Those waters containing iron in combination with other salts. 

SS8.- Which is the strongebi chahjheaie sinunj in the United 
Kingdom f 

That of Trefrew, in Carnarvonshire, is jirohalilv the strongest. 
It is especially usetnl in chlorosis or ‘green sickness,* or poverty 
of blood 111 young girls. 

359.~]nia< are the S 2 U^cial ihaiuciers <f Frii(l\ uh shall icater ' 

‘ Friedrichsball water ' is useful in congestion of the liver and 
kidneys, and us an aperient in constipation of the bowels, Haifa 
pint before breakfast wdl net as a brisk purgative. 

360- — In what conditions are Vichg dealers useful ^ 

‘Vichy waters’ are useful in debility of the digestive organs, 
in gravel, and in gout. Half a jnnt to two pints may be taken 

daily. 

361. - What xeaters are best for gouty and rheumatic ^ 

Those just mentioned are of great benefit and being aperient 
in action, they suit plethoric people likewise. 

362. — Mention a natural water good for persons who have liver 

disease due to tropical climates ( 

The waters of Cheltenham are u.sefnl in the di.sea.ses of the liver 
in those who have resided in India and other trojiical climates. 

Z^Z.-What are the special charade is of Hunyadi Janos water 'f 

* Hunyadi Janos’ is a strong purgative water, useful in obsti- 
nate constipation and congestion uf the internal organs. 

3e4.—Tf7tae ore ike Bath Springs useful for? 

They are very beneficial in rheumatic affections, more so ex- 
ternally than internally. [The hot springs of Bath were known in 
^ time of the Bomans.] 

366 «— What are the characters of Lahe^water ? 

Lake-water, especially in mountainous districts composed of the « 
older rock formations, is generally very soft, containing little 
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mineral matter ; but as it is essentially a stagnant water, and as all 
lakes receive the washings of the districts in which they are situated, 
the amount of organic nitrogenous matter is sometimes very con- 
siderable. Any excess, however, of peaty matter in solution may be 
materially lessened by filtering through sand. Lake-water 
resembles river- winter, as lakes are fed by rivers, but may contain 
much vegetable organic matter.s from their being stagnant. 

366 .- Why are Lahe-waiers favourite sourceg of supply ? 

Ilecanse fresh w’ater lakes and deep ponds, whose w'atersheds 
have extents ecpial to at least ten times their water surfaces, are 
ordinarily, of all natural sources, least liable to objectionable 
impregnation in liarmfiil quantity When such waters liave lieen 
imprisoned in tbeir flow, by the uplifting of the rock foundations of 
the hills across some resulting valley, or liy more recent crowding 
by ice-tields of masses of rock and earth dehris into a moraine dam, 
they are bright and lovely features in their landscapes, and 
fiyrourite sources of u ater-supplies. Wlien such waters are deep, 
and have a l>road expanse and bold shores, nature is ever at work 
with ram and wind and suinshino maintaining their natural purity 
and sparkle. 

3e7-Tr/K<f are the chief requisites in lahesas sources of supply? 

The prime rc(juisitcs in lakes, when to be used for domestic 
supplies, are abundant inflow and oiitflow\ that will induce a gener- 
al circulation, abundant depth, which will maintain the water cool 
through the heats of summer and hinder organic growth: and a 
broad surface, which the wind can press upon, and roll, and thus 
stir the uater to its greatest depths. These arc features opposed to 
fpiietude, shallowness, and warmth, which arc promoters of excesses 
of vegetable and animal life, accompanied by a verv objectionable 
mass of vegetable decay and animal decomposition. Fortunately, the 
shallow waters are ofienest at the upper ends, o])posite to the usual 
points of draught from the lake, or in indented hays, along the 
sides whence tlieir vegetable products are least liable to reach the 
outflow conduit, 

3e8-~H7n(/ are impound iny lahes '' 

When «-upplying lakes have moderate drainage areas in pro- 
portion to the total volume of water required from them, it is then 
necessary to ])laco the draught conduit below their natural surface, 
or to raise their natural surface by a dana at their outlet, to avail 
of their storage, thus in a degree changing their condition of nature 
into the artificial condition of impounding reservoirs. 
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CHAPTER IV. 

River-water. 

are the special characters of Hver-waier ? 

River- water is in most cases softer than spring or well-water. 
It contains a smaller amount of mineral salts, but is often largely 
impregnated with organic matter on account of the vegetable d^ris 
and animal excreta which find their way into it. Its constant 
movement, however, facilitates the oxidation of organic impurities, 
and this purifying process is aided to some extent by the presence 
of fresh-water plants. It contains about of its volume of gases 
which are evolved on boiling or freezing. The amount of mineral 
matter varies from a few grains in exceptionally pure, to 150 grains 
to the gallon, according to the amount of impurity to which the 
water is exposed. 

370 . — What arc the various forms of impurities met tvifh in river- 
water and n'hat are their effects ' 

River- water is more or less impregnated with decomposing 
organic material, as well as with the various saline and mineral 
constituents of the soil washed into the rivers. They are also 
contaminated, not only by the refuse of cities and towns, but also 
by the different specific deleterious waste from chemical and other 
manufactories. This often occurs to such an e.vtcnt as to kill all 
fish in the river ; but except in such special cases, the amount of 
foreign matters is reducea to a minimum by dilution and the con- 
tinual flow of the stream, and also, it is considered, by the oxygenat- 
ing effect of vegetable life, and fi*om exposure to the air. Some of 
the purest water is obtained from some of the lochs of Sweden and 
Norway, and from granitic districts, which are practically free from 
organic material, and contain not more than from five to ten grains 
of saline matter to the gallon. Some rivers contain from 3U to 40 
or 50 grains in the gallon. The most impure and dangerous water 
is that which comes from marshy districts, and from stagnant pools. 
Carbonates and sulphates of lime and magnesia are among the chief 
saline matters in waters otherwise pure, and when these are in 
excess the water is said to be hard, curdling soap, and unfit for 
washing, though not neces.sarily for drinking purposes. The purest 
waters are always soft. When any amount or nitrates are present, 
It is a sign of contamination by animal or other organic matters ; 
and when saline matters in great excess are present, the water may 
be unsuited for particular constitutions, though not otherwise objec- 
tionable. 

“ Except in rare cases, water which holds in solution a percep- 
tible proportion of organic matter becomes soon putrid, and acquires 
qualities which are deleterious. It is evident that diarrhoea, 
dysentery, and other acute or chronic affections have been induced 
eudemically by the continued use of water holding organic matter 



RIVEB WATER* 


87 


<3HAP. IV.] 

in large proportions, either in solution or in suspension. It is 
4idmitted, as the result of universal observation, that the less the 
quantity of organic matter held by the water we drink, the more 
wholesome it is.” 

“ No one has conclusively shown that it is safe to trust to 
dilution, storage, agitation, filtration, or periods of time, for the 
complete removal from water of disease-producing elements, what- 
ever these may be. Chemistry and microscopy cannot and do not 
claim to prove the absence of these elements in any specimen of 
drinking-water,” 

“ It is a well received fact, that decomposing animal matter in 
-drinking-water is a fertile producer of intestinal diseases.” 
are the characters o f river- water ^ 

Eiver-waier is usually impure and unwholesome. Every river 
is more or less polluted. They all contain earthy matter. In the 
largest rivers and those that flow rapidly, the water may be fit to use 
after filtration. They would all contain drinkable water were they to 
be kept in their natural state- When people begin to build a village 
or town, they usually do soon the banks of a river or near some water 
source ; and we know that whenever people gather together in large 
numbers, they pollute the water-supply if it be from wells, tanks, 
or rivers. If many such towns or villages are on the banks of a 
river, the water flowing by the lowest towns will be altogether 
poisonous. The water of rivers in the vicinity of all large towns 
and cities is grossly contaminated by decaying animal and vegetable 
substances. 

372 . — How may the suhstayiccs of poUuiiny rivers he classified f 

Into : — A. Organic : B. Inorganic. 

Organic: Sewage, Effluent drainage water from houses, 
manufactories, etc. 

These all agree in holding organic matter, more or less putres- 
cent, in su.spension, and the remedy is to prevent their discharge into 
the river or stream until they have been subjected to some sort of 
purification such as might be attained by : — 

Intermittent downward filtration, or broad irrigation. 

Inorgan ic : Y arious salts met within the geological strata through 
and over which the water has flown. 

373^—What are the effects of the pollution of timra hy sewage ? 

1. Renders the water undrinkable by man. 2. Poisons fishes. 
3. Is hurtful to animals. 4, Offensive to senses. 5. Creates disease 
by drinking. 6. Effluvia sometimes cause disease. 

d74-I« river-water softer or harder than that in its tributary 
streams ? 

Generally, it may be stated that a river-water is less hard and 
aaline than the water of its tributary streams in the lower part of 
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its course, but it inay be much harder and more saline than the 
waters of the upper tributaries, if these flow from a countr)" abound- 
ing in igneous rocks. The chalk held in solution by carbonic acid 
in the contributory springs becomes in part thrown out of solution 
by the escape of carbonic acid on the exposure to atmosphere during 
flow in the river, and this tends to diminish the haraness of the 
water. 

375 . — Are the characters of rirer^wafer uniform ^ 

They are not; for they vary considerably even in different parts 
of the same river. Fed from a variety of sources, rivei’-water is even 
more complex in its constitution than spring-^ater , it is also more 
influenced by the sea.son, and by circumstances connected with 
season, such as the melting of snow or ice, rains and floods, etc. 
The water taken on opposite sides of the same river has been found 
to differ slightly in composition. (Parkes’^ Practical Hycjiene.) 

sre.-iK/mf are the causes of variation in the characiers of Hver^ 
water at different sources ^ 

Nearly all large rivers are charged nith silt during the rains. 
The upper part of their course, where the natural fall of the coun- 
try is great and the flow of the river or stream high, this salt is 
carried forward h}' water holding it in sus])en8ion, and the act ion on 
the stream is generally erosive, and tends to lower the bed, but as 
the river reaches the pfains below, the velocity gradually diminishes, 
and at last falls below that neces««ar\ to carry on the silt which 
thus becomes deposited. 'I’lie effect of this is to raise their beds and 
cause them to be constantly shifting their course, and also to raise 
the ground on both sides of their banks often for a considerable 
distance by successive dejiosits of silt when they overflow their 
banks. [Most river-w’aters partake of a mixed clKia-nctej*, for they 
are den\ ed both irom deep springs and from tlio rainfall flowing 
off the watershed througli which the river runs. 'I'he composition 
of river-water exhibits distinct seasonal variations. At times of 
greatest rainfall a river is most impure, and at times of least rainfall 
most pure.] 

B77 -What are the objections to river^water ^ 

1. 1’he increase of temperature of the water in sni imer; but 
this disadvantage may be obviated by the use of ice, and in England 
this is not a weighty objection as the mean annual temperature of 
river- water is not high. 

2. Turbidity at certain season.^ especially at freshets, causing 
the^flilting up of clay and other forms of mineral matter and organic 
debris, 

8. The water is coloured if from peaty localities, 

4. Pollution from sewage and from the solid and liquid refuse 
from manufactories. 
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The objection to the river being a carrier of sewage and a 
source of water-supply is obvious. 

378 *^ — May v:e obtain a good supply of water from the Suhter- 
ranean lalces ’* adjacent to rivers ^ 

We may ; it is a well known fact that bordering upon all rivers 
there are found at intervals narrow plains of gravel or sand brought 
down and deposited there b}' the river under tlie \arying positions 
of its channel ^^ay. When these beds of gravel extend to a depth 
below the bottom of the neighbouring stream, the}' will ah\ays be 
found saturated with water which is partly, at least, derived from 
that stream, and however turbid the water of the river, this under- 
ground flow will always be found clear, provided that we tap it at a 
reasonable distance from the channel way. 

379. — What is there peculiar ahcAit mountain river-ivaters ^ 

They are hard, containing salts of lime and magnesium, which 
are washed out of the soil in the bed of the river by the action of 
the excess of CO 2, dissolved in the river-water. 

380. — What is the average hardness of this water ^ 

Fifteen degrees (chiefly due to chalk). 

381. — Tr//af ar<‘ the more important inorganic imimrities added' 

to rivers ^ 

The inorganic metuls from mining o])erations and metal manu- 
factories, and, of course, the salts dissolved out oi the bed of the 
river. 

382- — Zhider what conditions do streams yield a good and a had 
supply of water respect hel y ^ 

Streams close to their sources, passing through land not culti- 
vated, and devout of human dwellings, are good sources ot vater- 
supply ; but streams and rivers passing through cultivated valleys, 
with towns and villages on their banks, furnish Avators AAhich must 
invariably be regarded as suspicious in (puilily, and in point of fact 
such waters are often dangerously polluted. 

383.~-Tr//of is the effect of the nuotsoons on the 'icater of rivers ? 

During the monsoons the rivers look muddy They then flow 
with greater rapidity and silt up the debris of mineral, vegetablo 
awd (often) animal matter from the bottom. At this time also, 
the rain-water conveys into the rivers a considerable quantity of 
earth and organic matters. 

384t. — How may we effect the removal of the gross imptiriiies from 
such waters f 

A muddy appearance does not disqualify water for drinking 
purposes. If the muddy water is allowed to stand in a vessel for 
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a time, the mad goes to the bottom because it is heavier than the 
water. We can expedite this precipitation by adding a little alum.* 

385. — River-wator is hardest near its source : why ^ 

Because in its onward flow, as it rolls over rocks and uneven 
surfaces, it is considerably agitated whereby a large share of the 
CO, it dissolved out from the interior of the earth, is evolved, and 
• those lime and magnesium salts which this excess of CO, held in 
solution are in consequence precipitated. 

386. — ^Vhat difficulty is experienced in the Hoogly River (Calcutta) 

in this respect f 

It has been discovered that in the filtering through sand of the 
Hooghly water at Calcutta, during the rainy season, the fine mud 
brought down penetrates very deeply into the filters, and rapidly 
chokes them , in the dry season this does not happen : the suspended 
matters are arrested, as in England, near the np]>er surface of the 
sand. Mr. D. Waldie (Journal of the Asiatic Society of Bengal for 
1873, Part II., p. *210) explains this by showing that in the rainy 
season the water contains much less saline matter than in the dry 
season ; it is this saline matter which seems to act on and so cause 
coherence of the particles of mud, so that they become larger and 
coarser, and are more easily arrested. In order to remedy this, 
Mr. Waldie proposes the addition of substances to the water during 
the rains, which may cause this coalescence ; he has tried a great 
number of experiments with different substances, and on the whole 
crystallised alum and perch loride of iron are the Viest; 55‘4 lb. of 
crystallised alum, or 19 15 lb. of yierch loride of iron, were found to 
be necessary for the clarification of one million gallons of muddy 
Hooghly water during the rainy seasons (P.\rkks). 

387 * — What mechanical disadvantage is there against river^water 
as a source of supply 

[t has frequently to be pumped up to the reservoirs. 

388 . — Does this objection invariably hold good 

It does not; in the large majority of cases water-supply from, 
a river can be led into .storage reservoirs without immping, that is, 
by gravitation alone, provided the intake is placed far enough up 
the river ? 

ZB9.- What are the objections to the use of river-water for domestic 
supply ? « 

Most streams are open to the objection that they are liable to 
become turbid at certain seasons, especially in times of freshet, and 
are also liable to become coloured when the stream flows through a 

* The Strychno* potatoruin is successfully used in Bengal for this purpose. 
It is usually rubbed on the inner surface of the vessel before tilling with the 
muddy water of the Ganges. 
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peaty region. The most important objection is their liability to 
pollution by becoming carriers of manufacturing refuse or of the 
sewage of towns. 

390. — Does a fouled stream or river affect the heaWt of those dicelU 

ings adjacent to it ? 

It does. There are strong presumptive grounds for believing 
that emanations from streams polluted by fmcal matter may be 
injurious to the health of inhabitants living on their banks. It is 
stated that in the case of certain observations made on the subject, 
many of the inhabitants so located were pale, and suffered from 
dyspepsia, and that cases of fever, when they occurred, were 
increased in severity. In other instances, however, no such effects 
have been traced. 

391. -lF/^u/ Is the general result of the solvent pov’er of the water 

of rivers and springs ^ 

That the water of springs and rivers often contains a great 
number of constituents — some in very small, others in great amount. 
Some waters are so highly charged as to be termed mineral 
waters, and to be unfit for drinking purposes, except as medicines. 
The impurities of water are not so much infiiieiiced by the depth 
of the spring as by the strata it passes through. The w’ater of a 
surface spring, or of the deepest artesian well, may be pure or 
impure. 

392. — What may he said hi regard to the temperature of the water 

of springs ? 

The temperature of the water also varies, and is chiefly 
regulated by the depth. The temperature of shallow springs 
alters with the season; that of deeper springs is often that of the 
yearly meaii. In very deep springs, and in some artesian wells, the 
temperature of the water is high. 

393 . -H 0 W much organic nitrogen in llgtiid refuse Is allowed to he 

poured into rivers * 

Not more than 'S per 100,000 parts. 

384. — What is there peculiar about the effects of refuse from mines 

wJien jlowing eoniinuously into rivers ^ 

The matters and refuse added may choke up the bed and divert 
the stream. 

395 .— Hotc does solid refuse affect rivers ^ 

It alters the shoaling, channel and bed. 

39B.-\Vhy are large manufactories usually situated near rivers f 

On account of the easy access to water for the trade ; the easy 
disposal of the trade refuse ; easy transportation of goods, and the 
available water (hydraulic) power. 
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397 . -% xoliat ineam did tlm Eivers Pollution] Commissioners 

recommend that the eflueni he purified ? 

Perfect rest in subsidence ponds for 6 hours. 

398 . — What is the standard of im^mrity ^^crmitted hy the Rivers 

Pollution Commissioners '' 

1. They recommended the condemnation of: -any water con- 
taining 1 in 100,000 parts ot organic maitor, and water containing 
3 in 100,000 parts of inorganic mineral matter; 

2. Any liquid containing more than 2 parts per 100,000 of 
organic carbon, 3 ])arts per 100,000 of organic nitrogen ; 

3. Any liquid which exhihits hy daylight a distinct colour 
when a stratum of one foot deep is placed in a wliite vessel; 

4. Any liquid containing more than 2 parts per 100,000 of any 
metal, except, Ca, Mg, K, and Xa; 

5. Any liquid containing more than 'O.''* per lO0,000 parts of 
metallic poisons ; 

6. Any liquid which, after acidification with So^ contains 
more than 1 per 100,000 parts of free chlorine. 

399 . — Arc the effluents from metallic factories important ^ 

The pollution from nickel norks, iron works, cutlery, brass 
foundries, and electro-plate factories are, as a unimportant. 

Kevertheless it should be remembered that the effluent from many 
metal factories is very acid and corrosive, dissolving cement, and 
loosening brick\^ork of sewers. 

400 . — What is the remedy for preventing the refuse fluids of 

mines finding ivatcr of nveis ' 

The remedy is rather preventive than curative. Most of the * 
matter.s are in su‘'[)cnsion. 'fllie way fref|uently adopted is to cause 
the very foul refuse lupiids to pass into pitswitli overflow after 
subsidence. 

401 . — IJouj may the refuse liguids of trades and scnuige he 

purified sufficiently to allow them to pass into rin rs ? 

1. By sulisidence tanks with effluent flowing into river ; 

2. By means of intermittent filtration and irrigation. It 
should be sjiecially remembered, however, that these two processes 
are only applicable to refuse liquid.s containing animal and vegetable 
matter. 

402. -T/IC water of large rivers is less impure than that of small ; 

why is this f 

In large rivers the poisons are in a more dilute form, the flow* 
is more rapid, and the water mixes with a great quantity of air,^ 
the oxygen of the air acting as a purifying agent. 
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403 . — Should sevjago be alloiced to pass into rivers ^ 

Certaiiil}" not, and especially in the unpurified condition. No 
river in En.£?land is long enough to oxidise any inordinate amount ; 
and mere tiltration will not remove the poison, though it may 
clarify tlie sewage, 

404. — Explain the origin of oillages and ioivns on the bnnls (»/ 

rivers ^ 

When peojilc begin to build a village or town they usually 
select a site in proximity \Mth a reliable waler-sujipiy. 'J’he bank.s 
of a river are, therobu'e, most freijuontly (hosen. In gathering 
together in large numbers, they pollute t he water. If many such 
towns or villages nre on the banks of a liver the water flowing by 
the lowermost villages or towns will be altogether ]>oisouous. 

405. — a 1 ale wln-re do toirns g< t the water for their pnpxdaiioyt ? 

From rivers above the inflow of the sewage. [But the next town 
lower down rnu.st get its supply Iron* their diluted sewage water if 
it is allowed to flow into the river, which in a largo numher of cases, 
is unavoidable.] 

40e.-//otc are the organic ioipnniies of streams got rid of ^ 

To a ceitain extiuit organic inipuritics in streams are got rid 
of by o.xidation and by the groAtli ol plants and other organisms ; 
but this possiliility ol sulisefpient partial ])nnficatu)n cannot justify 
the grohS pollution of a .stream at any given point. In a few cases 
the purification is complete, hut in no cas<^ can there be 11113 
taiuty of the destruction ot specific jiollutioii, a consideration 
which is especially important wl.eii the stream furnishes the water- 
supply of districts nearer to its mouth. Most of the rivers 111 
^ mauutactiiring districts az’e converted into mere sewers by this 
misuse, whicli the Rivers rollution Act has been powerless to 
completely prevent. 

407.— JTozc is setvage purified in rivers ? 

The oxygen dissolved in the water oxidises the organic matter, 
the green colouring matter of axjuatic plants gives out oxygen in 
the nascent state, which does the same but more vigomusly, the solid 
and suspended organic matter is consumed by fishes and other 
aquatic animals, the rest of the organic matter gradu^.lly subsides; 
and lastly the largo volume of water contained in the small volume 
of^sewage helps to dilute the organic matter, 

408«— JEToa running water any power of intrimic depuration if onet 
rendered impure ? 

authorities hold that running water has an intrinsic 
power of purification, that the oxygen of the air dissolved in the 
'Water is sufficient to oxidise and render harmless all the organio 
Clatter contained. Were the impurities limited, doubtless this 
^ould hold good, bat on the banks of all large rivers, towns are 
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situated one below the other, so that there is scarcely time for 
one source of contamination to be rendered innocuous, before 
others are added. Upon this point an interesting experiment was 
carried out to show the fallacy of such a view. Distilled water, 
to which a varying quantity of sewage was added, was caused to 
circulate automatically in a specially constructed small circular 
metal drain. After it had traversed the drain a number of times 
representing a distance greater than that of any river in England, 
the water was found to be still impure. 

409 . — Ji[eni{o7i a sppclal imtance in which this is well seen ^ 

The purification of the waters of the river Rhone during their 
passage through the Lake of Geneva. The turbid and organically 
polluted water enters the head of the lake, having much the appear- 
ance of road- washings, and the clarified and pui'ified water is seen 
to issue from the lake at Geneva as a beautifully pellucid and 
magnificently blue stream. [But even in this case the separation 
of solid particles achieves a further result, for dissolved organic 
matters are in some way carried down with the deposited mud ] 

410 — Wltat agencies are at v:ork hi effecting the deimration of 
rivcr-v:ater contaminated by acvxtge or other organic 
liquid ^ 

When sewage or other polluting liquids are discharged into 
rivers, they are more or less diluted with the river-w^ater, the 
amount of dilution depending on the comparative volumes of 
sewage and river-water which are thus mixed together. If the 
river, into which the sewage is discharged, consists of clean and 
hitherto unpolluted water, the atmospheric oxygen dissolved in it, 
which is chemically much more active than the oxygen of the air, 
will, to a certain extent, oxidise the organic matters of the sew'ajTO. , 
If, too, the dilution of the sewage with clean water is consideraWe, 
plant life is not interfered with, but continues to give off oxygen^ 
re-oxygenating the water and enabling the process of purification 
by oxidation to continue. No doubt, too, as the oxygen dissolved 
in the water is used up, and fresh oxygen is absorbed from the air. 
Besides w’ater plants, minute animals (infusoria, anguillulidm or 
water worms, cntomonsraca or water fleas, etc.) aid the process of 
purification by feeding on the organic impurities of sewage. These 
organisms are found in countless numbers in the polluted reaches 
of rivers. Fish, too, if the pollution is not sufficiently great to cause 
much diminution of dissolved oxjjrgen in the water, feed on som6*bf 
the elements of sewage, and aid in the process of purification ; and 
if the current is sluggish, or in the deep and quiet pools of a rapid 
stream, the suspended matters of the sewage will be largely de- 
posited. The result of all these processes is that* under certain con^ 
ditions and within certain limits, streams and rivers which have been 
polluted are capable of undergoing a certain amount of self-purifioa- 
tion. The extent of this is, however Unsettled, in other words, its* 
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greater or less completeness within a certain distance of flow, is 
still a matter of doubt. The Eivers Pollution Commissioners 
(Sixth Report) came to the conclusion, as the result of their experi- 
ments, that ** the oxidation of the organic matter in sewage proceeds 
with extreme slowness, even when the sewage is nnxed with a large 
volume of unpolluted water, and that it is impossible to say how far 
such water must flow before the sewage matter becomes thoroughly 
oxidised. It will be safe to infer, however, that there is no river in 
the United Kingdom long enough to elfee*t the destruction of 
sewage by oxidation.” On the other hand, several eminent chemists 
have expi’essed their belief that a flow of even a few miles is suffi- 
cient to free a river of all trace of sewage contamination. 

The truth of the matter appears to be, that under favourable 
conditions, when the dilution of the sewage with clean water is very 
considerable, and the oxidation and purification exerted by aquatic 
animal and vegetable life can have free play, a stream or river 
especially il it undergoes agitation and exposure to the air by flow- 
ing over rapids or by falling over weirs, is capable of being so far 
purified, that, although it may never quite regain its original purity, 
it becomes at least very mucli imjiroved. Practically, however, in 
England, streams and rivers are nob allowed a chance of self- 
purification. The iiollution is almost coiitimious from their sources 
to their mouths.’* 

411 . — What effect has rise of tem^^eratvre on this i^rocess of (tei^nra- 
Ikni ^ 

A considerable rise of temperature will produce a like result on 
rivers which are having their purifying pow ers tested to tbolieigbt 
of their capacity. Purification goes on so long as the weather is cool, 
but with a rise in temperature, bacterial growth is stimulated, and 
decomposition sets in, replacing tlie oxidising processes. This 
happened to the tidal portion of the Thames in the Summer of 1884, 
resulting ill a condition of things which the Ro3’al Commissioners 
on Metropolitan Sow'age Discharge stigmatised as “ a disgrace to the 
Metropolis and to civilization.” In the North of England, the ^ 
and Mersey are so polluted with sewage and manufacturing refuse 
from the towms on their banks, that purification by oxidation may 
be said not to exist in these waters, which carry their filth and 
refuse unacted on and unchanged to the sea.f 

<413 . — It is stated by some that water, stagnant or flowing, once 
contaminated can never become sufficiently pure to be 
consumed. How far is this assertion borne out by facts ? 

The injurious action of w^ater contaminated by the specific 
poisons of disease is said by many to be unlimited TOth as to time 
and space — that once a water receives even a small specific contam- 
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ination, it is ever afterwards dangerous, no matter how long or 
far it may flow or percolate. This is a very sweeping statement, 
and is contradicted by the fact of the proved wholesomeiiess of many 
waters that have been speciticaliy contaminated. Indeed, were 
such an extreme view as this to be true in India, we sliould for ever 
be in danger of falling victims to fatal disease, lor almost all rivers 
and w'ells are so contaminated. 

With regard to the origin of certain diseases said to be due to 
fungi, it is quite possible that it is oiil}’ when a w'a ter containing 
these germs is undergoing progressive deterioration, and exposed 
to certain conditions of weather capable of bringing about the multi- 
plication of the germs that these diseases arise. 

413. - U7m u'ere th* great supporters of the self -purification 

theory of running water ' 

The late Drs. Letheby and Tidy were the strongest supporters 
of this hypothesis, which has also recei\cd the support of Dr. 
Odliiig. JN evert bless, it must be admitted that the experience of 
1866 with respect to cliolera — the last visitation of that disease in 
England in an epidemic form — is insulficient to enable a satisfactory 
conclusion to be drawn, affirmatively or negatively; and more recent 
experience appears to show that a flow of several miles in a river is 
insufficient to de.aroy the activity of the poison of typhoid fever. 

414. - was the opinion of the Hirers VoUiitioa t ommissionem 

in regard to river ’i>\Uer aa a source of public water- 
supply ^ 

The Commibsioners (Sixth llepori, p. IIS), while admitting 
that the drainage- water from arable lands is preferable to that 
*£rora polluted shallow wells, apparently were of opinion that river- 
water is inadmissible as a source of town supplies, a conclusion 
which is far too sweeping. 

4kl5.— Who were the great opponents of the non-depuration of 
previously polluted Hver-water { 

Dr. Prankland and the Rivers Pollution Commissioners, in their 
celebrated ‘ Sixth Report’ have thrown doubts on the self-purifying 
power of streams through the agency of free atmospheric and dis- 
solved oxygen, etc. ; but this position has been in part at least 
successfully contested by Odliog, Letheby, Tidy, and others ; and 
Dr. Frankland himself has apparjsntly seen his way to modify hi* 
previous views as to the oxidising power of dissolved oxygen. 

41&— IP/iai ie Dr, Frankland*$ views in regmd to the self-purifi^ 
cation of rwmmg river- water ? 

He fitted that there is no river in the United Kingdom" long 
enough to pori^ its waters spontaneously if they have once bepoim 
contaminated with sewage, a statemeotto which, without very materiat 
qualification^ few would venture to subscribe in the present day*# 

^See Fbasxlasd’b Applied ChenUstry, p. 052, « 
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^IT —TF/ta^ would appear to be the true statement of the case ? 

The truth appears to be that rivers arc able to get rid of their 
t^ewage pollution by the combined agencies of oxidation, growth of 
vegetation, and the activities of organisms such as bacteria and 
the lower forms of vegetable growth ; and there is practical but not 
absolute safety, if the ])ollutiug material be not introduced in ex* 
ccssive proportion, and the river liave a free flovi^ of several miles, 
especially over a rockj^ bed and Aveirs, sons to subject the water to 
agitation and conscMjuent abundant aeration. What has just been 
said must not be taken to indicate that the pollution of a river-w^ater 
by tilth IS of no conseipience provided there be a good flow of a few 
miles before tbe intake of a drinking water-supply is reached. It 
wfudd appear from a perusal of the writings ot the best-known 
authorities on the subject that the danger accruing from the use of 
riAcr- water which has been previonsl}- contaminated has been some* 
Avhat overrated. Nevertheless we consider, that rivers which have 
received sewage, even il that sewage has been purified before its 
discharge, are not safe sources of pf>table-water. 

418.-™vtrc lahorttiory experlmeitts on the r feels of free oxygen on 
rnnn ing'O'aier comporuhlc with the natvral processes of 
oxtdativn ^ 

They are not comparable. Ix'eause the eonditions are not 
similar, lii laboratory experiments ordinary free oxygen, and, 
still less, atmospheric air, oxidise putrescible organic matters when 
in dilute solution only .slowdy ; under natural conditions, where water 
is exposed to an enormous and practn ally unlimited volume of 
atmospheric air, the result is apparently different, and it is probable 
that atmospheric ozone and peroxide of hydrogen may have much to 
do with the effective oxidation of the nitrogenous organic substance 
present in the polluted waters of rivers 'I’hese oxidising agents 
can have, however, little or nothing to do with the oxidation of 
orgatJic matters in the soil, and in the water percolating into the 
subsoil. Here a ditterent agency eoim*s into play. 

419 -~I« it scientific to term the depmafion of river^water a self'- 
purification ? 

It is not ; the so-called self-purification of flowing water is, 
strictly s po a k infi^ a misnomer, lor, in all instances where self- 
pnrificf^ion ocenrs, tbe ptiriftcatHm is ett’ected by sonlo other agency, 
except perhaps in one case— *that of the pnrificaIncMD of a water by 
Bubstdence, enr sf^paration of solid sws fueled partieles by simply 
allowing the water to come to rest. 

490.— Tl7m# conclmlons did the late lh\ Tidy arHve at in regard 
to the seff-jmrificatwn of apwage-poilut9d rivers ? 

1. That when sewage is discharged into running*water, provid* 
©d the primary dilution of the sewage with pure water be sumcient^ 
after tbo run of a few miles, the precise distance of travel being 

7 
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dependent on seTeral oonditions, the removal of a large part of the 
organic impurity will be effected. 

2, That whatever be the actual cause of certain disease, 
whether germs or chemical poisons, the materies morbi which find 
their way into the river at the sewage outfall are destroyed, together 
with the organic impurity, after a certain flow ; and. lastly, that 
vegetahle matter deposited in the bed of a stream undergoes a 
fermentative change, and one of the products of this change is 
marsh gas, so abundantly liberated on stirring the bed of any 
muddy ditch. This, then, is another mode by which organic matter 
may be converted into harmless inorganic forms of matter. 

The late Dr. Tidy, who was one of the strongest defendants of 
the potability of river-water, even after the influx ot sewage, after a 
review of all the facts, thus summarised his conclusions : These 
conclusious were formulated before the bacteriology of specific^ 
^seascs was developed ; hut observation appears lo show that a 
flow of 20 miles in a river is not sufficient to destroy the germs of 
typhoid fever. Dr Barry, in a recent report to the Local Govern- 
ment Board, expresses his opinion that a flow of 40 miles at least is 
necessary after an irruption of sewage in order to render the river- 
water a desirable supply for drinking purposes. He bases his 
opinion on an outbreak of typhoid fever following an irruption of 
fiith into the Tees. 


— Is the process of niirtjimtion active in ricers ^ 

Nitritication, which is effected by one or more micro-organ- 
isms, is not a very’ active process in runuiug- water, and it is a mode 
of changing organic into inorganic matter, more cli'ectivel 3 ' going on 
in soils than in rivers and other water-courses. Nevertheless the 
natural purifying agencies ordinarily going on in streams are in 
the aggregate considerable, and generally effective. 

do fishes help to effect the depuration of set f-age^^toUiUet I 
streams '< 

Where fresh sewage flows from a sewer into a stream, the 
mouth of the BCwer becomes the feeding-place of numerous small 
ooarso-f ceding fishes, which greedily devour, and convert into food 
lor larger fishes, the scraps of muscular fibre and other debris which 
would otherwise decompose and pollute the stream. Minute particles 
solid organic matter may, and prohahly do, servo as the food of 
minuter forms of aquatic animal life, and thus indirectly serve as 
food for fish. [The mud hanks of the Thames estuary are the 
habitat of the fine flat-fish, eels, and molluss which serve the 
X.*ondon market.] 

483 "is putrid sewage similarly consumed by fisJ^ea 

It is not; putrid sewage-polluted streams are shunned by 
aquatic aifimals^ and it is known that stinking streams do not readily 
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undergo self-purification ; lor instance, witness the Thames, though 
here the saltness of thi* water below London Bridge may cause the 
water to have a preservative efifect on tlie molecules of undecom- 
posed and decomposing sewage. 

424. — Oan we define the extent to which each of these ncUitral 

processes purify water f 

We cannot. The extent to which subsidence, oxidation, and the 
presence of animal life are respectively potent in bringing about the 
purification of our rivers, is at present quite unknown. 

425. — What effect on the purification of river-water have growing 

green plants ? 

Such plants, even those of a low type, are capable under the 
influence of sunlight, of effecting vast changes in the character of 
a water. The cleaning out of tanks and ponds, so as to free them 
from weeds, has been known to render the water of such reservoirs 
more impure, by depriving them of a most active agent of purifica- 
tion. The oxygen given off by growing green chlorophylliferoiis 
plants is probably like other forms ot nascent or atomic oxygen, 
peculiarly active as an oxidisev, and this oxidation of nascent 
oxygen may be one of the most valuable agents for effecting the 
oxidation of dissolved and minutely-divided solid forms of organic 
matter. 

426. ~II7ia^ is the effect of the small quantity of iron contained in 

all natural waters^ and now does putrescent sewage 

affect it ^ 

It is probable that the salts of iron, always present in natural 
waters in very minute quantity, act in some measure as carriers of 
oxygen. Putrescent sewage reduces these salts to the lower stage 
of oxidation of ferrous salts — e,g , ferrous sulphide ; and these, under 
the influence of dissolved oxygen, become converted into ferric 
or more highly oxygenated salts, which again give up their oxygen 
to organic matter, and are again reduced to the state of ferioua 
ealts. Whether this be the proper inberpretatiou of the matter or 
•aot, it is possible that free oxygen is capable of effecting the rapid 
purification of streams, notwithstanding the adverse laboratory 
•experiments of Dr. Frank land. Some think that iodine compound, 
also rarely entirely absent from terrestrial waters, act as carriers of 
oxygen, by their alternate oxidation into iodates and reduction to the 
st^ of iodides. 

r. — By what other process is river-waters said to he pwidfied ? 

They are also said to be purified by dilution. It is doubtfud 
whether this purification ever takes pface, except in so far as an 
impure water, by admixture with a purer water also well aerated, 
is xnmisbed with the oxygen necessary for the destruction of impn^ 
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rities. Ifc should not be forgotten, that wlien ii relatirely small 
quantity of a polluted liquid is mixed with a large quantity of water 
of moaerate purity, the added impurity may not increase the 
impurity of the latter to such an extent as to render its assured 
detection possible to the chemist. 

42S .— chaiigcs occur when the amoiiiii of tsex^atje added to 
the river-'ivaier is ht ymtd the poiver of natural i^roce&aes 
to defoecate f 

When the river, into whicli sewage i.s discharged, is already 
much polluted, or if the dilution is not sufficiently groat, oxidation 
and purification are brought to a standstill, 'riio dissolved oxygen 
is greatly diminished in amount, animal and vegetable acjuatie life 
is injuriously affected or destroyed, and putrefaction sets in. The 
bacterial agents of putrefaction are the only organisms which can 
flourish under sucli conditions ; decomposition and fermentation of 
or^nic matters are started, with the production ot fold gases ; the 
bed of the river becomes silted up w ith decaying matters, which, 
buoj ed up by gases, occasionally rise to the surface to sink again, 
and a most serious nuisance results. 

429*-Tr/mi arc the effects of river-f allot ton hij vuintrifed sew^ 
age? 

1. Sewage renders the water undrinkable b} man ; 

2, Poisons fishes ; 

X Is hurtful to animals; 

4. Offensive to senses ; 

5. Creates disease if used for drinking juirposes — sometimes 

epidemic disease ; 

6. The effluvia themselves sometimes cause disease. 

430. — -1F7ta^ may he said with regard, to iierviittlng scicagc to gain 

access to rivers 

The use of the same stream as a carrier of waste and as a source 
of supply is to be deprecated, and, on this account, it is manifestly 
unjust tnat one town should be allowed, at its own option, to dis- 
charge its sewage into a stream which, lower down m its course,, 
would otherwise afford suitable drinking-water to other towns. 

431. — GiW a specific instance of gross polUdion of river-tveUer ? 

The following is a quotation from one of the English reporta 

iirit^h reference to the rivers Aire and Calder : — < 

“ These rivers and their tributaries are abused by passing into 
them hundreds of thousands of tons per annum of ashes, slag, and 
cinders, from steam-boilers, furnaces, iron- works, and domestic fires ; 
by their being made the receptacle, to a vast extent, of broken pottery 
and worn-out utensils of metal, refuse brick from brick-yards and 
old buildings, earth, stone, and clay from quarries and excavationi9» 
f«Mid*soraping 0 , street-sweepings, etc., by spent dye-woods and other 
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solids used in the treatment of worsteds and woollens, by hundreds 
•of carcasses of animals, as dogs, cats, pigs, etc., which are allowed 
to float on the surface of the streams or putrefy on their banks ; and 
by the flowing in, to the amount of very many millions of gallons 
perr day, of water poisoned, corrupted, and clogged by refuse from 
mines, chemical works, dyeing, scouring, and fulling worsted and 
woollen stuffs, skin-cleaning and tanning, slaughter-house garbage, 
and the sewage of towns and houses.” 


432. — jETom; tJi volume of flow or discharge of a stream of water 

expressed ^ 

In units of volume per unit of time. 

433. — Descrihe another method of calculaiiog the discharge from 

stream. 


A much more accurate and satisfactory method is to measure 
the actual discharge of the stream at the same time that the rain- 
gauge observations are made, and so to find the actual proportion 
of available water to total rainfall. 

434. — llovj may the yield of au averaged-sized stream be calcu^ 
latcd ^ 

In the case of au averaged-sized stream, a rough approximation 
of the yield may bo obtained by taking breadth and depth at sev- 
eral distances in a short section of the channel which is tolerably 
uniform, and thus ascertaining the average sectional area. 

436.-^o fv is the mean velorify in a stream ascertained ^ 

The mean velocity of a stream at a given cross section is found 
by dividing the discharge or volume of flow by the area of cross- 
section, and is most conveniently expressed in feet per second. In 
ordinary cases the least, mean, and greatest velocities may be taken 
as bearing to each other nearly the proportion of 3, 4 and 5. In 
slow currents they are as 2, 3 and 4. 

486.-Tr/m/ are the three chief v: ays of measuriiuj the discharge 
of a stream ? 

By weir-ganges, by current metres, and by ealenilation from the 
dimensions and declivity. 

4^7— Which is the ms^at accurate ^ 

The use of weir-gauges, but it is applicable to small streams 
only. [The flow of water in small streams is usually ganged by 
means of a notch-board. The board must bo made to act as a water- 
tightdam, serving to retain a pond of still-water, the level of which 
may be accurately ascertained. If the water above the notoh-bbard is 
atift, but has a sensible velocity of approach towards the notch, this 
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velocity must be regarded in calculating the quantity of water pass* 
ing over. The notch should present to the stream a thin edge formed 
by chamfering the board on the down-stream side. The height of 
still-water above the sill of the notch may be ascertained from a 
scale previously adjusted on a stake driven in the bed of the stream 
above the dam. The notch should be nearly of the full width of the 
stream, the better to allow for the passage of larger volumes of water, 
and there should be a clear runaway from the notch board, to pre- 
vent the tail water rising and drowning the notch. Great care 
must be taken also to prevent leakage round the end or under the 
bottom of the board. Observations should be taken never less fre- 
quently than once a day, and at shorter intervals as the drainage area 
is smaller and more precipitous, for the fulls of min are then more 
quickly felt and pass sooner away. The most satisfactory, because 
tne only correct method of ascertaining the flow is, to make it with 
its variations self-recording. This may be accomplished by any 
means w'hich will register the variations in the level of the .still- 
W'ater above the notch upon a revolving drum actuated by clock- 
work. The width of the notch, the head of water, and the time for 
which that he^d has been maintained being all known, the quantity 
discharged during that time may be ascertained by a simple calcu- 
lation.] 

y wm/y we estimaie the yield of a squall atream ^ 

By receiving the water into a capacious vessel of known dimen- 
sions and noting the time it takes to fill it. It is important that 
the estimate be made at the time of the lowest yield ot the stream. 

439 . — Whni thfv are the diffennit ways In v'hich n'c may estimate 
the yield of a small stream or v'aier’Conrse 

When it is required to nsceitain the yield of any small W’ater- 
eourse with some nicety, it is the practice of engineez’s to dam up 
the whole stream, and convey the water by some artificial channel 
of known dimensions. 

1. A wooden trougli of a ceilain length, in which the depth of 
water and the time wl»ich a float takes to pass Irom one end to the 
other is measured, 

2. A sluice of known size, in which the difference of level of the 
water above and below the sluice is measured.* 


* Discharge of renter throngh a Multiply the breadth of tlio opeuiug 

by the height ; this gives the urea of the sluice. 

iJucharge^area^ multiplied htj pve times the square root of head of water 
head of water i« the difference of level of the w'ater above and below 
tke dflin, if the sluice be entirely under the low^er level ; or the height tba 
upper level above the centre of the opening, if the sluice be above the kiwer 
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3. A weir formed by a plank set on edge in which a rectangular 
notch is cut, usually one foot in width ; over this the water flows in 
a thin sheet, and the difiPerence of level is measured by the depth of 
the water as it flows over the notch. Then by means of a table the 
amount of water delivered per minute is read off. The weir must 
be termed of very thin board and be perfectly level ; a plumb-line 
has generally to be used.* This plan of measuring the yield of 
water-courses is the one now most generally adopted by engineers. 

When it is required to ascertain the yield of any small stream, 
it is usual to erajiloy a weir-gauge to dam up the water into a pond 
behind, and allow it to flow through a sluice or over a sill of known 
dimensions. In tlie case of an average-sized stream, a rough 
approximation of the yield may bo obtained by taking the breadth 
and depth at several distances in a short section of the channel 
which is tolerably uniform, and thus ascertaining the average sec- 
tional area. 'Phe surface velocity ma^' then be taken by noting the 
time occupied in floating a light object such as a chi}> of w'ood over 
the selected distance, and ns four-fifths of the surface- velocity are 
about equal to the actual velocity, the yield in cubic feet or gallons 
f>er second, can bo easily calculated. 

[We add about ‘25 to the rapidity of flow' as the float indicates 
the rapidity of the surface flow* and not the actual flow itself w'hich 
is greatest about the raid depth of the stream. The float should be 
placed away from the bank as the friction near the bank lessens 
the velocity .f] 

440. -IH 'inalcing such a calculation ivhat precaution has to he 

particularly observed ^ 

'That the numbers multiplied are brought to the same denomi- 
nation — all in either cubic inches or cubic feet. 

441. — In the case of spring or small river, is one observation as 

to yield sujfficicnt ^ 

It is not; the yield of a spring or .small river should bo deter- 
mined several times, and at different periods of the day. 


♦ Dhehai'f/e of water over a fveir I fo<tf tn lenqth . — If the weir is more or 
less than ii foot, multiij’y the quantity in the table opposite the given depth by 
the length of the weir in feet, or decitiials (»f a foot. 

Diseliarge per 
minute. 


Pepth falling over, 
_ inches. 

1 ■ . 

1 

li . . 


1’70 cubic feet. 
4 - 8'2 „ 

8H4 „ 


Depth falling over, Discharge per 
inches. • minute. 

-i • • U^'TO cubic feet. 

a . 26*62 „ 

3i . . 38'22 „ 

4 . . 4()‘71 „ 


Thu», if the weir measure 1 foot, and the depth of water falling over be 
2 \nche», the delivery is read at once, vir.., 13'«>3 cubic feet, or 84*9 gallons jier 
minute, 

t This method is applicable to Iwth large and small streams. 



104 . WATER. .{part 

448. — 17pot» what do the dtaraciers (^f water from wdls, springe-, 
rivers, and lakes depend ? 

The quality and composition of the water derived from tliese 
sources depend on the nature of the soil and geological strata tln*ough 
which it has parsed, or on the character of its surface-bed or channel. 
The rain, already charged with carbonic acid in its passage through 
the lower regions of the atmosphere, becomes still more largely 
impregnated with this gas when it sinks beneath the surface In 
some rich soils the amount present in the air contained within their 
interstices, according to Boussinganlt, is 250 times greater than tlie 
ordinary atmospheric ratio. Aided hy the action of the carbonic 
acid which it has thus absorbed, the rain-water di.ssolves and 
decomposes various chemical compounds which it meets with in its 
underground progress, and often becomes so highly charged w ith 
them as to become niifit for ordinary use, as in the case of mineral 
waters. 

^^3.— Compare fhe rahi*' ttprinrf^ riverja'tid I'vll-watcr as sutirces 

of supply. 

This depends on many circum.stances. Spring-water is both 
pure and impure in different cases; and the mere fact of its being 
a spring is not, as sometimes imagined, a test of goodness. F rc- 
quently, indeed, river-water is purer than spring-water, e<peci»dly 
from the deposit of calcium carbonate ; organic matter is, liowevor, 
generally in greater quantit}’, a.s so much more vegetable matter 
and animal excreta find their wuiy into it. Hie water of a river may 
have a very different constitution from that of the springs near its 
banks. A goodexamide is given by the Ouse, at York : the water 
of this river is derived chiefly from the millstone grit wliicb feeds 
the Swale, the Ure, and the Nid, tributaries of the Ouse ; tlie water 
contiins on I 3 ' 9 grains per gallon of salts of calcium, magnesium, 
sodium, and a little iron. The wells in the neighbourhood pass 
down into the soft reel sandstone (Yoredale series) which lies below 
the millstone grit; the water contains as much as GklHi grains, and 
even, in one case, 96 grains per gallon ; in addition to the usual salts, 
there is much calcium chlonde and calcium, sodium, and magnesium 
sulphate.* 

44r ^ — What are glaciers ? 

These are rivers of ice draining the high snow fields, [The, 
moyement of a glacier is essentially of the same kind as that of* 
a river, the central portions moving faster than the edges. The 
movement is, therefore, one of degree not of kind. The motion of a 
glacier has been explained by supposing that the ice forming the 
glacier is successively fractured and frozen. Thus, ** when a glatder 
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is forced over an obstacle, the ice, being brittle, cracks and snaps ; 
but tbo enormous pressure of the sliding mass behind squeezed it 
together again, and regelation immediately heals the fractures.” By 
alternately crushing and squeezing a block of ice, it can be made to 
assume a variety of forms. Faraday applied the term regclation 
to the phenomenon witnessed when two pieces of damp ice are 
pressed together and they become welded.] 


(’H AFTER Y, 

Rvin-watek \nd Rainf\ll. 

4^45. — ]Vhat arc the chief characters (*f rain-water f 

Rain-water is soft and Avell aerated, but its purity and htness 
for drinking or even for ashing inirposes depend upon the purity 
•of the atmosphere through which it falls. 'Near the coast it often 
ooiitains traces of chlorides and sulphates, due to its sea-origin. 
It acquirt'8 from the air not only oxygen, nitrogen, carbonic acid 
and ammonia, with a minute amount of nitric acid, but also 
microbes and any organic or other impurities that may he present 
in the air. In land districts there is a marked increase m the 
sulphuric acid, ammonia, and organic matter, due to putrefactive 
processes and the combustion of coal. Near towns rain may become 
acid in reaction, from excess of snlphnroiis and sulphuric acids, and 
is liable to carry down considerable quantities of tarrj' and carbon- 
aceous matter from tlie smoky air. Ammonia is found in largest 
proportion during the early part of a shower. A litre of raiu 
contains about 25 c.c. of gases, namely, 8 c.c. of oxygen, lt) 5 c.c. of 
nitrogen, and 0’5 c.c. of carlamic acid. Dew and snow-water have, 
practically the same characterH as rain-water, except that the 
dissolved gases are in less amount in snow-water.* Rain-water, 
of itself, is a pure water. When uncontamiiiated it is vyholesome 
and pleasant to drink. In its pa8.sage through the air it becomes 
aerated, and if it remained in this simpje natural state would be safe 
for drinking purposes. But in its descent, rain is liable to con- 
tamination from the substances which the atmosphere holds sua- 
{^nded, this action being specially observable in the neighbourhood 
of towns and of manufactories. Chemical impurities of various 
kinds such as .sulphuric acid, ammonium salts, nitrous and nitric 
aotdSf particles of soot, etc., are thus liable to render It impure, 
while more serious contamination may result from the presence in 
the ail* of effete animal and vegetable products. Rain also carries 
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doirn NaCl, OaCOg, S,P, FoO, organic matter from various sources^ 
debris of dust, etc. Hence rain-water in England is rarely stored 
or used, except for washing purposes, although in certain places it 
is necessary to store it for drinking purposes. The rain-water 
penetrating the strata of the land, forms springs flowing out at a 
lower level, gives rise to brooks, rivers, and lakes. The rain-water 
condensed from the ocean, is pure, soft, and does not contain* 
mineral impurities. This soft water, however, is a powerful solvent, 
and on reaching the earth dissolves some and combines with other 
minerals with which in its onward progress it comes into contact, 
such as lime, magnesian salts, certain sulphates, chlorides, and a 
few gases.* Rain is a great purifier of air ; for it washes out of it 
gaseous and solid impurities — organic and inorganic. For this 
reason also the rain which falls in the impure smoko and soot-laden 
atmosphere of large towns, is unfit to drink. 

[ As it falls througli the air, rain hecomes Inghly aerated 
(average, '2o cubic centimetres per litre), tlie oxygen being in larger 
proportion than in atmospheric air (32 per cent., or a little more); 
and carbon dioxide constitutes or 3 |>er cent, of the gas. It carries 
down from the air, ammonium salts (carbonate, nitrite, and nitmte), 
and nitrons and nitric acids in small amounts The total quantity 
of nitrogen in ammoniacal salts, nitrous and nitric acid, is *0985 parts 
per HX),<X)0. Fmnklaud puts the average at *032. At Montsouris, 
mean of seven years, the ammonia amounted to T03 ])er 1.000,000, 
or *0135 parts per gallon; the nitric acid (NO,), mean of six years, 
to 354 per 100,000, or *248 per gallon. This gives a total nitrogen, 
from ammonia and nitric acid, '2.39 per 10<‘,000. In towns with 
coal-fires it takes uji sulphurous and sulphuric acids, and sometimes 
hydrogen sulphi<le. The sulphates in rain increase, according to 
Dr. Angus Smith, as we pass inland, and before large towns are 
reached; they are, according to this author, “the measure of the 
sewage in air’* when the sulphur derived from tiie (jornhustion of 
coal can he excluded, but in England the e-xclusion could never be 
made. Free acids are not found with certainty, according to Smith, 
when corabustion and manufactures are not the cause. 3'he acidity, 
t^iken as sulphuric anhydride w'as equal to *(>097 grains per gallon 
<*f rain in a country place in Scotland, and 1*0589 grains in (Glasgow; 
lu Manchester in 1870 it was *8410, and in London, *2713 grains.f 
See No 451.1 

U the purest natural v'ater, and wkat does H usually 
contain 'f 

Rain or snow-water, if not contaminated in collecting. It con* 
tains little solid matter, except traces of ammonium nitrite and! 
siitmte, hut some oxygen, nitrogen, and carbon dioxide in solution*. 

♦AuTHoa's Hyffi^ne of Water and Water. mtppUvH. 
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447 -- wm the opinion of the Rivers Pollution Commissioners 
in regard to the quality of rain-water ? 

They found that out of eight samples of stored rain-water only 
one was fit to drink. They came to the conclusion that rain-water 
collected from the roofs of houses and stored in underground tanks, 
is often polluted to a dangerous extent by excrementitious matters, 
and is rarely of sufficiently good quality to be used for domestic 
pui’poses with safety.” Also, tbat,“ in Great Britain, and more parti- 
cularly in England, \’te shall look in rain to the atmosphere for a 
Hupply of water pure enough for dietetic purposes.” 

44e8« — How much air, oxygen and CO^ docs rain-irater contain ? 

Air about 25 c.c. per litre. 

O i )2 per cent. 

CO a 2 '5 per cent. 

4r^9.--Tr/ia/ is the ultimate source cf all leaicr ^ 

All natural waters are ultimately derived from the rainfall, which 
in its turn is due to distillation under the influence of the sun^s rays 
from all humid portions of the earth's .surface. Part of the rainfall 
is again evaporated from the surlace iqion \>hich it talks, part flows 
along the surface to form streams and lakes. A third part sinks into 
the soil, dcHcending vertically or obliquely through fissures or pores, 
until it reaches an irnpervi</U.s formation, tfnd then either finds its 
way laterally to the surface in the form of spring.s, or accumulates 
ill the porous strata overlying the impervious layer, where it maybe 
reached by wells.'* 

is the essential eause of mln-formafioii ^ 

Hain i.s owing to the cooling of a saturated air, and rain is 
heaviest under the following conditions — when, the temperature 
lieiiig high, and the amount of vapour large, the hot and moist air 
soon encounters a cold air. These condition.s are chiefly met with 
in the tropica, when the hot air, satiinited with vapour, impinges on 
a chain of lofty hills over which the air is cold. The fall may be 130' 
to 160 inches, as on the Malabar coast of India, or 180 to 220 as in 
Southern Burniah, or 600 as at Cherrapnnji, in the Khasyah Hills. 
Even in England the hot air from the Gulf Stream impinging 
on the Cumberland Hills causes, in some districts, a fall of 80, 100, 
^JOO, Olid even more inches in the 3 'ear. From any table of the weight 
of vapour it may be seen that the amount of vapour which can be ren* 
dereu insensible, increases with the temperature, but not regularly; 
move, comparatively, is taken up by the high tempei^atures ; thus,. 
at40”F., 2*86 grains are supported ; at tW, 410 grains, or 1 *24 grains 
more ; at 60”, 5*77 grains, or 1*67 grains more than at 50”. There- 
fore, if two currents of air of unequal temperatures, but equally 
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saturated with moisture, meet in equal volume, the temperature ^ill 
be the mean of the two, but the amount of vapour which will be kept 
invisible is less than the mean, and some vapour therefore necessa* 
rily falls as fog or rain. TJuis one saturated current being at 
and the other at 60^, the resultant temperature will be 50^, but the 
amount of invisible vapour will not bo tne mean, viz., 11^15, but ; 
an amount equal to 21o w ill tlierefore be deposited.* 

451 - — Explain the causes nf the formation of rain- drops and of their 
varying size. 

The meeting of cloud masses of varying temperatures and 
slight electrification seems to produce that coalescence of the minute 
water dust ” or moist particles, which we know' as min. As the 
rain-droj)s fall, under the influence of gravitation, they overtake 
one another and so increa.se in size ac(‘ording to the height from which 
they come. In thunder storms, and at the beginning and end of a 
shower, the drops are largest. 

452 . — Is tlie composition (\f rain •irate r constant ^ 117 /^/ are 

rides under (I iffen ut circa msiances and its general char^ 
acters f 

Rain-water varies in compo.^ition according as it is collected in 
the country or in towns, but is never pure 'water. It invariably 
contains, besides the ga.scs of the atmosphere, nitmtes and nitrite of 
ammonium, solid amorphous and crystalline particles in suspension, 
and minute organisms. That of towns contains the acids geriemtod 
by the com V>u .St I on of coal, and notably sulphuric and hydrochloric 
acids. The aggregate amount of these tw'o acids, in the free state, 
may reach as much as seven grains per gallon or ten parts per 
100, <XK). Rain-water collected near the sea, and even many miles 
inland, contains small quantities of the salts present in 8e(i- water. 
Even the rain-water collected in Florence was found bv I^chi to 
contain 0*28 grain per gallon, or 0' I part ])er 100,000 of solid matter, 
about half of which was organic, and half inorganic, the chief portion 
of the latter being sulphate of calcium and chloride of sodium. 
Bechi also determined the amount of ammonia and of nitric acid in 
the rain-water falling respectively in Florence, and at Vallombrosa. 
The ammonia was, on the average, 0 036 grain per gallon, or 0*5i 
part per million. In Vallombrosa the nitric acid was 0*041 grain 
per gallon, or 0*58 part per million, and in Florence 0‘08J1 grain per 
gallon or 1*18 part ^r million. Lawes and Gilbert found the average 
aggregate amount of combined nitrogen in country rain-water, a» 
ammonia, nitrates, and nitrites, to be nearly 0*07 grain per gallon, 
or one part per million. (See No. 447.) 
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^Sa—What gaum are contained in rain^icater ? 

Rain-water dissolves at the ordinary temperature of our counti*}’ 
alK>ut 20 c.c. per litre, or 5*5 cub. iucbes per gallon, of the atmo- 
spheric gases, of which about 7 c.c. per litre, or nearly 2 cub. inches 
per gallon, are oxygen; 12*5 c.c. per litre, or 3*5 cub. inches per 
gallon, arc nitrogen; and 0*5 c.c. per litre, or 0*14 cub. inch per 
gallon, is carbon dioxide gas. Hut rain-water is rarely, if ever, fully 
saturated with oxygen, this gas being in part appropriated by 
the organic matters present in the water; so that the oxygen rareh 
exceeds 1*75 cub. ini hes per gallon, or c.c. per litre. 

454 — What are the resultf* of ila analyses of the Rivers FoUntion 
('oniDiiHsioners in their Sixth Report* as regards the 
gasc(n>8 cunslii aents raiu^v^atcr ^ 



C'libic inches, per gal. 

c. c. per litre. 

Kitrogen 

:i*63 

LJ-08 

Oxygen 

177 

(>*;i7 

Carbonic acul 


1*28 


^SB.- What is th e average com fmsit uni* (f raln-tvaler as regards 
saliiir naistituenis and eomlnned niiiogen collected iu 
inland disti ids re ntotc from towns ^ 

Grains, PartSy 

I K*r ga I . ]ier 1 oO,t»00. 

Saline constituents ... 2*11 5*0 

Combined nitrogen ... 0*07 0*1 


456 . — What is meant hy rain fall, aud how is it detci'niined ? 

By the term rainfall is meant the amount of rain that falls in a 
given time, generally a year. In all Kngli.sh-speaking countries it is 
calculatt'd in inches. liondon, for example, has a rainfall of about 
24 inches, the rain falling in London m an average year ; which 
means that if none were lost b}* evaporation, soakage, or draining 
of the soil, the rainfall would cover the surface with a layer of water 
24 inches dee[). An inch of rain represents about 100 tons of water 
to the aero or 04,000 tons to the square mile. Rain is collected in 
H Tossel called a rain-gauge, with a funnel-shaped month of known 
area, and the amount carefully measured at intervals usually once 
dr twice a day. 

457 - — Homo is rain-water and snote disposed of on reaching the 
earth t 

Th© water which falls from the clouds in the form of rain and 
’ is disposed of in three diifei*ent ways. A certain portion runs 


* Usiueil ill 1874. 
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off the surface and finds its way directly into the streams and rivers; 
another portion is taken up by vegetation, or lost by evaporation ; 
and a third portion sinks into the earth, and forms the imdergi*ound 
sheets of water which feed the springs that are met with in nearly 
every part of the world. It is stated that about one-third of the 
rainfall flows off the surface, one-third is taken up by vegetation or 
evaporation, and the remaining third sinks into the earth ; but this can 
hardly be called even an approximation to the truth, as the propor- 
iiions differ enormously in different cases, and at different seasons of 
the year. In a hilly and mountainous country much more water will 
evidently flow off the surface, and much less be evaporated, than in 
a flat country. In a district consisting chiefly of retentive clay, hardly 
any of the rainfall will sink into the ground, whereas in a district 
composed of peiinealile gravel or sand a very large proportion of 
the rainfall may he absorbed by the subsoil. In tropical climates 
evaporation will be much greater than in cold climates, and even in 
the same country evaporation will be much greater in summer than 
in winter. The relative amounts of rainfall disposed of in these 
ways vary with the configuration and density of the ground and 
with the circumstances impeding or favouring evaj)Oi*ation, such as 
temperature, movement of air, etc. 

458 . — Enttmeraie (he methods^ hy which the rain is dispased of 
on reaching the surface of the earth ? 

1, Part flows away towards the natural channels ; 

2, Part is evaporated; 

3. Part soaks into the soil ; 

4. Part is used in the support of animal and vegetable life ou 
the surface and in the soil. 

458 . — What proportions of rain-water sink into the soil iu 
vai^ions districts ? 

% 

It varies considerably as stated in No. 459. Thus, in loose, 
tertiary, sandy or gravelly districts, as much as from 90 to 90 per 
cent, sinks into the soil ; in chalk districts, 42 ; iu sandstone, 20 — 
per cent. ; in magnesian limestone, about 20 ; in new red sandstone 
(Triassie), about 25 per cent., whilst in districts of retentive, imper- 
meable clay, the percentage is very small. These may a^ln 
enumerated in tabular form for convenience. 

Loose, tertiary sand absorbs 90 to 96 per cent, of water. 

Chalk 42 

Sandstone 20 — 25 „ 

Limestone ........ 20 „ „ 

Stiff clays .a very small proportion. 

^ In gravels and sands almost all percolates, in other smls moie 
'Vaporates than percolates. Part of that which percolates is used up ^ 
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in the formation of hydraulic salts, part is absorbed by rootlets of 
vegetation and lost again by evaporation from leaves. 

That which percolates finds its way beneath the soil and may 
crop out as springs at natural outlets or be rendered available 
by ai*tificial tappings in their subterranean depths through borings, 
wells, etc. [Dr. Dalton, in bis experiments on the new red sandstone 
soil of Manchester, found that 2o per cent, of the whole rainfall 
penetrated to the depth of 11 feet ; and Mr. Ihestwich gave the 
amount of infiltration of the principal water-bearing strata sur- 
rounding London as varying from 4S to 60 per cent.] 

If, how'ever, the inclination of the surface is great and the soil is 
not porous, but more or less impermeable to water, the greater 
portion of the unevaporated min Hows down the incline. It is this 
portion which forms or helps to swell the brooks, streams, and rivers, 
which are the natural drainage channels of the locality. 

In very porous soils such as pure sand or coarse gravel, the rain 
ao rapidly sinks into the interstices of the soil, that the evaporation 
«ven in summer is but slight. In nearly all other soils, however, 
the amount of rain evajiorated greatly exceeds the percolation even 
in winter. There is always a certain amount of percolation in the 
summer months, and this varies within rather wide limits. In some 
years it is m/, in other years — as* in 1879 — it as great as the 
evaporation (over 12 inches). 

— Does all the percolated v:aier sinh info ihv snhsoil and 
atthterroMean lake f 

It does not; the portion that percolates, after a certain deduc- 
tion that must be made for the moisture absorbed by the roots of 
vegetables and grasses growing on the sui'faee. which is siibse- 
<|uently evaporated from their green leases, helps to form and 
renew the underground sources of water. 

the in^liraiiou (jrvaier or in an undnlathKj country 
than %n open level plains ? 

Other things being equal, th<‘ amount of infiltmtion will be far 
less in an undulating hilly district than in open level plains. [It is 
obvious also that it must vary very considerably with the season of 
thevear. Thus, according to the experiments of Mr. Dickinson, 
made in the gravelly loam which covers the chalk in the valleys 
4tround Watford, it was 70 per cent, in the first three months of the 
Jear ; in the summer months it was only 2; while in November and 
December nearly the whole of tho rainfall penotmted beneath 
the sorfaoe.] 

40S . — Make some general remarks on the porosity qf the variom 
eaHhe and rocks* 

Bespeoting the porosity and absoiytive qualities of different 
earthSi it may be observed that dean silicious sand, when thiown 
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loosely together, has voids between its particles equal to nearly one- 
third its volume of cubical measure ; that is, if a tank of one cubic 
yard capacity is filled with quartzoid sand, then from thirty to thirty- 
fire per cent, of a cubic yard of water can be poured into the tank 
w ith the sand without overflowing. Gravel, consisting of small water- 
worn stones or pebbles intermixed with grains of sand, has, ordi- 
narily, 20 to 25 per cent, of voids. 

Marl, consisting of limestone grains, clays, and silicious sands* 
has from 10 to 20 per cent, of voids, according to the pro]>ortions 
and thoroughness of admixture of its constituents. 

Pure clays have innumerable interstices, not easily measured, 
hut capable of absorbing, after thorough drying, from 15 per 
cent, to an equal volume of water. The w'ater contained in clays 
16 80 fully subject to laws of molecular attraction, ow ing to the 
minuteness of the individual interstices, that great pressure is re- 
ouired to give it an appreciable flow. Water flow s with some degree 
ot freedom througli sandstones, limestones, and chalks, according 
to their textures, and thev* are capable of absorbing from 10 to 
20 per cent, of their equal* volumes of water. The primary and 
secondary formations, according to geological classification, as for 
instance, gmnites, trappeans, gneis.ses, mica-slates, and nrgillacions 
schi.sts, are classed as impervion.s rocks, as are, usnally, the several 
strata W pure clays that have been subjected to great super- 
incumbent weight. 

The crevices in the imperviouK rocks, resulting from rupture,, 
mav, however, gather and lead aw o y, as natural drains, large volumes 
of the water of percolation. 

The free flow of the percolating water toward wells or spring, 
is limited and controlled, not only by the ]>oro8ity of the straUi 
which it enters, bnt also by their inclination, curvature, and continu- 
ous extent, and by the iinperviousnesB of the underlying stratum 
or plutonic rock. 

463 -* \VlMi circiimstaitcea afeel the proportion of rainfall fUspoaed^ 
of in these different ways 1' 

The amount of rain that evaporates depends upon the totnf>er- 
Hture and degree of humidity of the air,— the higher the temperature 
and the drier the air, the greater the evaporation. When the inclina- 
tion of the surface is but slight and the soil very pcrmaahle, a 
large part of the rain sinks into the earth ; but if the soil ia not 
porous, the greater part of the unevaporated water flows down the 
incline! This is the portion that helps to swell streams and rivers. 
A small share of the percolated lain-water is absorbed by the roots 
of trees, vegetables and gi-asses, hut most of this is Bubseciuently 
evaporated from green leaves When it rains heavily, the greater 
part of the water finds its way to the large rivers, and finally into 
seas and oceans once more, after subserving the great offices in 
fmppurting animal and vegetable life. 
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4t64 - — What itroportiou of the rainfall is absorbed by the soil in 
England ? 

The average for the year i? about 42 per cent. [Winter 33 per 
cent. ; spring 33 ; summer 2 ; and iiiitumii 48 per cent.] 

466.— ?7pou what dues the amount of evajDoration depend ^ 

U])on (1) tlie tomperatin*^ ol the earth and (2) its degree of 
humidity. The higher tlu^ te.nperature the greater the evaporation. 
More evaporate'^ in a dr^ rhan in a rainy season. The amount of 
vapour rising from the fiopical seas is enormous. [Take merely 
00 inc'hcs as tiie annual distillation and reckon this in feet instead 
of inch<‘s, and then ])roceed to culculate the weight of the water 
rising annually from such a comparatively small space as the Bay of 
Bengal, the amount is almost incredible ] 

466 - — How much of the raenfall is lost by evaporation and 
percolation in Enghnid * 

In England the quantity varies from \ to Jths, varying with 
the season of the year and the porosity of the soil. 

I'his is well shown in the following table. 



Winter. 



.Suniiiicr. 

Entire year. 

1 Rain. 

I 

I'lTCd-' 

lation. 

Iliffcr- 
CMice or 

loss. 

Ruin. 

, ri*rco- 

, dice or 

iJaiion. , 

1 1083. 

« . Perco- 

Rain. , . 

lation. 

Differ- 
ence or 
loss. 

13-33 

8'il 

5 22 

! U09 

1 

j 2 18 11 91 

I 

27*42 j 10*29 

17T3 


467 . -/a there any relation bettveen the anmanl of rainfall and the 

loss by evaporation and percolation f 

There is ; the loss is great in proportion as the rainfall is small, 
and the loss is small in proportion as the rainfall is great. 

468 . — How may we calculate the speed of evaporation ? 

A ahallow vessel of known area, protected round the rim by 
wire to prevent Ihrds from drinking, is filled with a known quantity 
of water, and then, weekly or monthly, the diminution of the water 
determined, the amount added by rain, as shown by the rain-guage, 
being of course allowed for. [In this little e.vperime!it it is advisable 
not to use a metal vessel which conducts heal so rapidly that lu 
warm weather, at least, its own heat would expedite evaporation.] 

489 regulates the amount of evaporation from ^noist 

surfaces f 

It is regulated by the temperature of the Witter, the temperature 

8 
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of the air, the humidity of the air, and the wind. It is more rapid 
from moist soil than from water ; and deep-rooted crops, such as 
wheat, dry the soil to a greater depth than grass. No satisfactory 
instrument {atmouieter) has been devised for measuring evaporation, 
owing to the difficulty of excluding rainfall while allowing free ex- 
posure. A rough estimate may be obtained by exposing a measured 
volume of w'ater in an open dibh of known area, and deducting from 
the final measurement tlie ascertained rainfall. Another jilan is to 
shelter the atmometer from rain by a cover, but this necessarily 
lessens the cvajiorat ion. Tlie mean annual evaporation per square 
inch of water-surlace is said to be 20*6 inches, and in some years it 
exceeds the rainfall. 

470- ir/ia^ IS meant hij the “ evaporation ” of water ? 

As a gas or vapour, water is invisible, though on a hot day if we 
lie on the ground w*ecansee that the vapour as it rises from the earth 
so interferes u ith the rays of light as to produce the well-known 
shimmering ’* effect. This passage of water into the condition of 
invisible vapour is termed evajioration. 

471 * — What eoyidif ions far otir evaporation / 

Evaporation is constantly going on, at all times, in all temper- 
atures and practically from all parts of the earth’s surface. Being 
greatly increased by heat it IS more rapid in the day than in the 
night, in summer than in winter, and within the tropics tlian nearer 
to the poles. It wcurs to a greater extent also over the ocean, over 
lakes, rivers, or other water surfaces, but not exclusi\ely, for vapour 
rises also from the leaves of jilants, from .snow and ice, and from 
ground that is apparently quite dry. The effect of evaporation is s^en 
notonly in the drying up of puddles after rain where part of the water 
may soak into the ground, but in the similar drying up of water filae-ed 
in a saucer in the open air. The amount of evajionition varies with 
the degree of heat already in the air and the force of the wind. 
[Every lauudrc'^s kiious the difference l>etyeen a “good drying 
day,” when there it, but little moisture in tlie air and the clothes dry 
quickly, and a bad one ; but as liot air has a great (‘ajiacity for mois- 
ture — can hold more moi.sture.tliat is, without being saturated — than 
cold air, there is usually more moisture in the air hi the summer, 
when it feels dry, than in winter. Evaporation is greatly helped by 
wind. Wind removing saturated air and bringing fresh drier air in 
contact with puddles or other surfaces of cvajioration, dries them up 
quickly,] 

472.7-Docs evaporation go on at all iemperaitirea ? 

It does ; water evaporates at all temperatures, and the evapora- 
tion of solid water in the form of ico and snow is an obvious and fami- 
liar phenomenon. (The tension of water-vapour, or its tendency to 
etai^rate at any given temperature, is a sublet dealt with in the Part 
of ttiis series devoted to ** Mbteorologt,”) iTie relative saturation of* 
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air with aqueous vapour is termed ‘ humidity ’ of the atmosphere and 
bears no direct relation to the quantity of aqueous vapour therein. 
In the British Isles theamouut of aqueous vapour in the atmosphere 
ranges from 2 grains per cubic foot of air in winter to 12 grains in 
summer, or from one-third per cent, to 2 i)er cent, by weight. 

473 — What follows from this constant evaporation ^ 

Were’ it not for this unceasing process of distillation, our 
water-supplies would become so highly charged with impurities as 
to become unfitted for the maintenance of animal life. 

474 — Js there a limit to the amount of vapxair talen up by air ? 

Air at an}’ one temperature will only take up a certain quantity 
of watt'r in the invisible form, after which it becomes saturated. 

475 -What amount of vapnnr riytcs from each square inch of 

surface per annum ni EualonrJ ' 

The amount of vapour annually rising from each square inch 
of water surface in England has been estimated at from 20 to 
24 indies ; in the tropical seas it has been estimated at from 80 to 130, 
or even more inches. In the Indian Ocean it has been estimated at 
as much as an inch in twenty-four hours, or 01)5 in the} ear, an 
almost incredible amount. No doubt, however, tlie quantity is very 
great even if it does not roach tiiis high estimate 

476. ~-lWicn does the resioratory nwi.^tvie become physically 

manifest ? 

In dry warm weather the moisture in our breath is invisible, 
but in the cold of winter or when the air is satnrnted alter rain, it 
is at once condensed into a cloud of minute drojis of liquid. 

477. — When is raln-V'aier good as a source of supply ? 

Rain-water when uncoiitamiuated by the receiving surface or 
bjr air impurities, is healthy and plea.saut. It carries down from the 
air ammonincal salts, sodium chloride, calcium compounds, and 
traces of organic matter, the total amount of solids being betw'een 
2 and 5 grains per gallon. 

47 S_ What is the average, fall iji England 

Thirty inches. [At Netley for the period of 23 years (1864-86) 
the average was 30*1 2 inches.] 

• 479.-“ Wkai is the average wican rainfall of England and Wales ? 

The average mean rainfall of England and Wales is 32 inches 
per annum. 

480 .— Upon what does the rainfall in England depend? Name 
some places whei^e tee get massitna of rainfalls^ 

The quantity of rain which falls in various countries is affected 
by looal ciroumstances, and varies with the seasons. The heaviest 
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mean annual minfall in England is at Stye-in-Borrowdale, Cumber- 
land, where it is lOo inches ; and the heaviest at any place on the 
globe is on the Khasyah Hills, Bengal, where it is 600 inches, 

481 . — Docs the rainfall vary In the aa^ne place ? Give cxamplen 

It varies within very wide limits. Thus at Bombay the mean 
is 76, but in the year 1822 as much as 112 inches tell, while in 1824 
only 34 inches loll. 

482 . — What 18 the average and extremes of the rainfall in 

England ^ Hoiv much is lost hy eixiporaiioti and 
percolation f 

The average annual rainfall in England is 30 inches, and varies 
from 22 to 110 inches. A (piantity is lost by evaporation and by 
sinking into ground. This varies from one-half to seveii-eighthh, 
according to the season of the year and the porosit} ol the soil. 

483. -irto is the average rainfall of London ^ 

Twenty- four inches. 

484 . — IFW is the annual rainfall of Edinburgh, dJosgow, 

Dublin and Manchester '' 

Edinburgh . 24 in. per annum. 

Glasgow 40 ,, ,, 

Dublin 30 ,, 

Manchester .36 ,, 

485 . — is the least annual rainfall recorded in England ' 

Fifteen inches. 

ABQ-—I8 the rainfall a very variable met eorol ogival phenomenon ^ 

Rainfall is probably of all atmospheric phenomena, tlie most 
uncertain both as regards lre({uency and the amount which 
falls in a given time, lii many parts of the world rain rarely ii 
'Cver falls, whilst in others it rains almost every day. The rainless 
regions of the earth, as they have been termed, are the coast of 
Peru, the great valleys of tlie rivers Columbia and ColoPiado in 
North America, the Latona in Africa, and the De.sert of Gobi in 
Asia. In Chili and Patagonia, rain is constant, [lu calculating the 
rainfall hy means of the rain-guage, it has been lound that less 
rain is collected if the gauge be high above the ground than if it 
be level with it. I’rolessor Phillips found the rainfall at Fork for 
twelvemonths during the year 1833-34 to be 141)6 inches at 213 feet 
from the ground, 19'85 inches at 44 feet, and 23*71 inches on the 
ground.] 

487. — Gwe instimees of varying quantities of rainfall and state 
what circumstances affect the umonnt of the rainfall, 

Bainfall in different regions of the earth varies considerably 
from aero, as in the Desert of Sahara and on the coast of PerUt to 
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six hundred inches, as on the south-east slopes of the Hima- 
layas, which are exposed to the moisture-laden monsoons. The cir- 
cumstances on which the amount of rain depends are partly (/eucral, 
such as degree of latitude and elevation above sea-level ; and partly 
locah as nearness of large surfaces ot water, exposure to moist winds, 
adjacency to mountain chains. As to the distribution ot rain accord- 
ing to latitude the amount decreases, as a rule, with the increasing 
distance from the equator tow’ards the poles ; but this rule has many 
exceptions, such as the rainless tracts already mentioned, and lesser 
deviations in the positive and negative direction The amount of 
rain which falls in different regions is not pro])ortionatc to the mois- 
ture of the air, for a region may he almost free from rain, in spite 
of a humid atmosphere, if there are no cold winds causing condensa- 
tion, as is the case with Lima, on the coast of Peru ; and, on the 
other hand, localities with considerable rainfalls may enjoy tolerable 
drj'ness of air and soil, as the Gulf of Genoa. Elevation above sea- 
level doc^ not seem to exercise the same influence in different 
regions. Gaspariu and others assume that with increasing elev'ation 
the amount of rainfall increases, and according to Chaix this is the 
case with tlio Swiss Alps, snlqect to certain exceptions; but no 
such rule holds good for America. 'VhQmnfjhhonrhoodofiheseai^^ 
for the west of Europe and the islands belonging to it, a cause of 
increased rainfall. 

488 A ame snvie rainless jilaees ^ 

Peru, rolumhia^ Colorado, .Saliara Dt‘sert. Gobi Desert, Bo- 
lucliistan, etc. 

489.-A ame some very uttuy 2 daces / 

Patagonia; certain places in India, as Mahhleslnvar, along the 
Malabar C'oa'^t, (‘herrapungi in the Khasyah Hills (where as much 
»H dOO inches fall per annum !), in Lower Bnrmah, and in some parts 
of the (.'umherland Hills, 

490- — lloir do yon account for the comparafli'cly heavy lainfall 
• in the last mentioned ^ 

By tlie fact of th(^ warm and neust air of the Gulf Stream 
coming into contact with the cold air ol the elevated land iii Cumber- 
land becoming condensed and falling rain. 

491 Is meant by Drainage- H >8 ins ! 

* If we trace the rivers on a map from their mouths u]i to the spring 
or glaciers in which they have their origin, not only shall we bo 
f^ping steadily up hill, but wo shall find it generally easy to draw a 
Utie on the map separating the district drained one river and its 
tributaries from those drained by other neighbouring rivers. This 
line is the umter-shed or nmter-mrt lug between the river basins or 
^ahage areas, or ns it is called in the north of England, “ the 
heaven water boundary'. Though very often so, this line is not 
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necessarily the summit of a range of hills, the ground in many cases 
being relatively high, the water easily finds the slopes, however small, 
and runs down it. In Ireland the basins of the Harrow, the Boyne, 
and the Brosna are separated by the comparatively low-lying 
tract known as the Ondf Bog of Allen. As we shall see later 
on, by tbe use of curved lines traversing the maps, or by 
various colours, we may indicate on special charts the distri- 
bution of temperature, rainfall, groups of })laiits or animals, races 
of men, or forms of religion, and just as tbe shades of one 
colour are oft(;n used to indicate a scale of lieight of teiu}>ei‘ature, 
of atmospheric pressure, or of rainfall, so fbey may be e»n})loyed to 
show the greater or loss density of jiopiilation, /.c., tlie numbers of 
human beings to the acre, or to tbe sfjuare mile 1^640 acres). 

492. — H7/CU are the factors of availnhle amount of waiter and the 

rainfall of the catchment hasin verg imporfanl matters 
for consideration ^ 

When tlie water-suppl}' of a town is collected from small 
streams or gathering grounds, the rainfall of the catchment basin 
and its available amount are items wbicli ought to bo carefully 
considered. 

493. -I/mc may the available rainfall he readily calculated ? 

Tlie amount of water derivable from tbe rainfall in given cases 
is readily ascertained if tbe mean annual rainfall of tbe district is 
known and the dimensions of rain-receiving area are calculated. 

494. — More ram is said to fall near the ground than higher up. 

vdiy is this ^ 

There is only an apparent greater fall near tlie ground. The 
wind causes the rain to fall obliipicly and not perpendicularly, and 
if a vessel of known dimensions be inclined to the direction of the 
wind at some distance from the ground, it will receive as much 
rain as one of the same dimensions placed on the ground. 

496.-B7Kt/ is the real cause of the diminution of rainfall at a level 
higher than the ground ? , 

It has recently been proved that there i.s really no decrease 
of rainfall, but that the apfiarent diminution is due to tlie fact that 
a gauge placed in an exposed position above the ground does not 
collect all the rain that lalls, a certain proportion being blown 
over the gauge by the wdnd. 

496 .- is the rainfall greatest on the west slopes of English 
mountains ? 

Because the humid westerly (or seaward) winds deposit 
moisture as soon as they are forced to ascend into colder strata 
of air. 
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497. -TF7ta< is a rain-gau(je ? 

A rain-gauge or 'pluviometer is an apparatus for measuring 
the quantity of rain falling on a particular spot. ^ 

498. — How may we estimate the rainfall ? 

By means of a rain-gauge. There are several forms of rain- 
gauges. The simplest consists of a funnel opening into a receiver in 
which the rain is collected, and from which it may lie drawn and mea- 
sured. The funnel should have a truly horizontal rim, else the 
gauge will catch too mucli or too little, according to the direction 
and force of the wind. 

499. — Describe the const ruction of an ordinary rnin-yauyey and the 

precaution which should he taken in ficiny it. 

An ordinary rain-gauge consists of a circular metal cylinder 
varying from 5 to 8 inches {o inche.> being the better gauge) in 
diameter, which by means of an open funnel top discharges 
the rain caught within its area into a graduated glass measure, 
the graduation being to -j-’.^dth of an inch. It should be fixed per- 
fectly level, not less than b, or more than T2. inches above ground, 
in an open space at some distance from buddings or tall shrubs, 
trees, etc,, the least objectionable ‘^heller being from E , N., and 
N.-W., but for an accurate register no such shelter sboukl exist. 
It is requisite to take the record by emptMiig the measure at a 
fixed time, each day, usually 9 and io remember that ^^th 

the depth of .snow is equivalent to rain. 

500. — Dos rrihe the rain-yanye used hy the Army Hcdical Depart- 

ment in determininy the rainfall of a ^^{Utary Sta- 
tion, 

This l ain-gaiige is a cylindrical tin box with a rim or groove 
at the top ; a circular top with a funnel inside fits on to this groove, 
which, when filled with water, forms a water-valve. The o])eniDg 
above is circular (tlie circle being made very carefully, and a rim 
being carried round it to jirevent the rain-drops from being whirled 
by wind out of the mouth), and descends fnnnel-.shaped, the small 
end of the funnel being turned up to ]irevent evaporation. But 
leaves, dust, or insects sometimes choke this tube, so that it is now 
generally straightened, the loss by evajKiration being insignificant, 
compared with that caused by obstruction. The best size for the 
open top, or, in other words, the area of the receiving surface, is 
, from 50 to 100 square inches. The lower part of the box is sunk 
in the ground nearly to the groove ; the upper part is then put on, 
and a glass vessel is placed below the funnel to receive the water. 
At stated times (usually at 9 a.m. daily') the top is taken off, the glass 
vessel taken out, and the water measured in a glass vessel, gradu- 
ated to hundretdhs of an inch, which is sent with the gauge.* 

^ Pakkes' Piacticat UygicnCflAi Evl. 
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501. — i7bt« is the rainfall expressed, and hoiv is it calculated f 

Rainfall is estimated in inches ; that is, the fall of an inch of rain 
implies that on any given area, say a square yard of surface, rain 
has fallen equal to one inch in depth. The amount of rain is deter- 
mined by a rain-gauge. Two gauges are supplied for military 
stations ; one to be placed on the ground, one 20 feet above it ; in 
all parts of the world the latter indicates less rain than the lower 
placed gauge ; this is due to wind (See Nos. 494, 495 and 508. ) 

502. — TlV^nf does each division of the measure corresiwnd to ^ 

One-hundredth of an inch of rain. 

503. -J/ the rainfall is ver'ij heavy, in fvhat way is it measured by 

the ordinary rain-yaugr ' 

If there is a considerable rainfall then the measure is filled 
each time up to the 50 and recorded thus : — 

Suppose that there were K3(> one hundredths of an inch — 

*50 

•50 

•3t; 


that is, the rainfall is one inch and thirty-six hundredths. The 
figures should be written doun before the water is thrown away, 
and the additions should be gone over twice. 

504 . — Hotv is iJa^ rainfall recorded 

By emptying the contents of the bottle into the glass measure, 
which should he held quite perpendiculai . and reading the number 
of decimals to which the water rises. 

Each division = y^^f,dth inch and is recorded thus : ‘01, 50 
hundredths is recorded as ‘50. 

505 - — How many observations slamld be made '' 

One, under ail ordinary circumstance.s, but with heavy rain 
two or more, as the bottle may overflow and with a dry air it 
should be recorded at once, as jiart of the water may evaporate. 

506 »“— Jn the case of a single observation what is the best time ta 
register ilie rainfall ^ * 

At 9 A.M, 

507 what level slmild the rain-gauge be placed ^ 

Some observers maintain that the rain-gauge should be placed 
ni least six inches from the ground, to avoid splashing, and in the 


* Pajikes’ Pvarfiral Hygiene, 7tb Ed. 
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centre of a level, open plot ; others, that the best location for it is to 
bury it in the earth, making its top just even with the sui»face of 
the ground (Loomis). The higher the gauge is placed above the 
surface of the earth the less rain it catches. 

508 > — Are the indications of 'pluviometers (or rain-gauges) placed in 
high situations reliable 

They are not ; they register less rain than those placed on a level 
with the neighbouring ground. When there is a wind during a 
shower, the course of the rain-drops is parabolic, being much curved 
in the air above and nearly vertical at the surface of the ground. 
A circular rain-gauge held horizontally, presents to inclined drops 
an elliptic section, and consefpientiy less effective to vertical drops. 

609.~Tr//af precautions are to he taken leith regard to the position 
in v:hich the rain-gauge is placed ^ 

A rain-gauge should not be set on a 8lo])e or terrace, but on a 
level piece of ground, at a distance from shrubs, trees, walls, and 
buildings — at the very least as much from their base as they are in 
height. 1'all-growing flowers, ^egetal)le8 and bushes must be kept 
awa}' from the gauges. If a thoroughly clear sit(‘ cannot be ob- 
tained, shelter is most desirable from K , N , and X.-W. ; less so 
from S. S.-E.and W. and not at all from S. W. or N.-E. 

510 Tf l af precautions are to he taken with regard to the places 
in which old rain-gauges are still m use ' 

Old established gauges should not be moved nor tbeir registra- 
tion discontinued until at least two years after a new one has been 
in operation, otherwise the continuity of the register will he irrepar- 
ably destroyed. Both the old and new ones must be registered at 
the same time and the results recorded for comparison, 

BXX’- What precautions are to he observed in regard to the level of 
site in vdneh a rain-gauge is placed ^ 

’rhe funnel of a rain-gauge must be sot (piite level, and so firmly 
fixed that it will remain so in spite of any gale or wind under ordinary 
circumstances. Its correctness in this respect should be tested 
from time to time, 

512- — Ti7m/ precaution is to he observed as regards the height at 
which a rain-gauge should he placed f 

The funnel of gauges newly placed should be one foot above 
ground. 

513 . — How may the funnel he prevented from rusting f 

If the funnel of a japanned gauge becomes so oxidised as to 
retain the rain in its pores or threatens to become rusty, it should 
have a coat of gas tar or japan-blnck, or a fresh funnel of zinc or 
copper should be provided. 
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514. — Wliat precaution ie to he ohaerved in the uee offloal-gaugeB f 

If the measuring rod is detaclied from the float, it should never 

be left in the gauge ; if it is attached to the float, it should be pegged 
or tied down, and only allowed to rise to its ]u*oper position at the 
time of reading To allow for the weight of the float and rod, these 
gauges are generally so graduated as to show zero only when a 
small amount of water is left. Caro must always be taken to set 
the rod to the zero. 

515. — What special precaution is to he ohserved in the use of tlieran 

and hoftle-gaiige ^ 

The measuring glass should always be held upright. The read- 
ing i? to be taken generally between the two a[)paront surfaces of 
the water. 

516- .lf ivhat thuf^ri should rain-f/ange reodlnqs he made ^ 

!Nine a.u. daily; if taken only monthl}^ then a.m. on 1st. 

517- '-ir/mf special precaution is to he absented in regard to date 

(f entry ^ 

The amount measured at 0 a.m. on any day is to ho set against 
the previous one ; because the amount registered at 9 a.m. of day 
17th, contains the fall during fifteen hours of the 10th and only nine 
hours of the 17th. (This rule has been approved by the Meteorologi- 
cal Societies of England and Scotland, and cannot bo altered, and us 
particularly commended to the notice of observers. 

518. — TF;wl^ is the mode (f entry of the rniujall * 

If le.ss than one- tenth (10) has fallen, the cipher must always be 
prefixed ; thus, if the measure is full up to the sevent h line iu must 
fee entered as •<>7 — that is, no inches, no tenths, and seven-hundredths. 
For the sake of clearness, it has been found necc.ssary to lay 
down an invariable rule that there shall always he two figures to 
the right of the decimal point. If there be only one figure, as in 
the case of one-tenth of an inch (usually written T), a cipher must 
be added, making it TO Neglect of this rule causes much inconve- 
nience. All columns should l>o cast twice — ouce up and once down, 
80 as to avoid the same error being made twice. When there is no 
rain a line should be drawn rather than cipher inserted. 

519. — sepcial point demands attention in regard to the regis- 

tration of the rainfall ? 

The amount should always be written down before the water 
is thrown away. 

520. -irou; are small ipiantitiea of rainfall to he recorded ? 

The unit of measurement being *01, obfeervors vrhose gauges are 
aufificiently delicate to show less than that, are, if the amount is under 
'005, to throw it away, if it is '005 to ‘010 inclusive, they are to enter 
it as '01. 
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521 . — What arrangements should he made in case of unavoidable 

absence ? 

Every observer should train some one as an assistant ; bat 
where this is not ])OS8ible, instrnebion should be given that the gauge 
should be emptied at 9 a.m. on the Isb of the month, and the water 
bottled, labelled, and tightly corked, to await the oljserver's return. 

522 . — ^yha^ precautions shouJdhe made in rase of In avy rains ( 

When very heavy rains occur, it is desirable to measure immedi- 
ately on their termination: and it will be found a safe plan, after 
measuring, to return the water to the gauge, so that the morning’s 
registration will not he interfiu'ed with. Of course, if there is the 
slightest doubt as to tlie gauge holding all that falN, it must be emp- 
tied, the amount being jireoioushf writtcui down. 

523 . - 7/0 w mail the rainfall ?< presmtid hij snoe hr reroided ' 

In regard to snow* three methods may h(' adopted Tt is w’ell to 
try them all. (1) Melt what is eanght in the funnel by adding to the 
snow a])reviously ascertained (piantitj’ of warm water and then 
deducting this (jiianlity from the total im asureineut, enter tlie re>idue 
as rain. (2) Select a place w here the snow has iu)t drifted, invert 
the funnel, and turning it rouii<i, lift and melt what is enclosed. 
(8) Measure with a rule the average depth of snow, ami take 
one-twelvth as the ecjuivahmt of water Some observers use in 
SHOW’}’ weather a eyliiidcr of the same <haineier as the ram-gauge 
and of same depth Jt the wind is at all rough, all the snow’ is olow’n 
out of a fial-luiinelled rain-gauge. 

524 . — What preciLution is to he <d)8eri cd to jtrcvvnf overjlov' f 

It would seem nec<lless to caution observers on this head, but as 
recent foreign tables contain hu'^ iustauces in one day in which 
gauges were allowed to run oM r. it is tw'idenLly necessary that 
British obseiw ers should be on ilu‘ alert. It is not dcNirafile to 
purchase any new’ gauge of w hich tho capacity is less than that 
erjual to 4 inches of rain. 

525 . — If tivo gauges are in rise how should the rainfall he registered t 

It is often desirable that observers should have two gauges, and 
that one of them should be capable of holding 8 inches of rain. One 
of the gauges should be registered daily, the other weekly or monthly 
•as pr»^»ferred, but always on the 1st of each month. By this means 
a thorough check is kept on accidental errors in the entries, w’hich 
is lint the case if both are read daily- 

Small amounts of W’ater are at times deposited in rain-ganges 
by fog and dew. They should ho added to the amount of rainfall 
because (1) they “tend to water the earth and nourish the 
streams,’* and not for that reason only, but (2) because in many 
cAse^, the rain-gauges can only be visited monthly, and it 
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would then obviously be impossible to separate the yield of snow, 
rain, etc. ; for the sake of uniformity, all must be taken together. 

626.~J5?/ tvliat nth' moy tee find the depilt of glass o f a given diam- 
eter to coniaiti one inch of v'lifer distributed over the 
area of a given gauge : 

First find the weight in ounces of one inch depth of rain-water 
in the rain gauge, thus. — Multiply the area of the* rain-gauge in 
square inches by and divide by 4:17*5. Then divide the 

weight of water in ounces by the product of the srpiare of the diam- 
eter in inches of the glass by *4.^317. 

527-- How may we ascertain the relation hotweev a rain-gauge 
and its measuring glass 

Determine the area in squai-e inches of the receiving surface, 
or top of the gauge, by careful measurement. This area if covered 
with water to the height of 1 inch would give a corresponding 
amount of cubic inches. I'his number of cubic inches is the mea- 
sure for that gauge of 1 inch, because when the rain equals that 
quantity, it shows that 1 inch of rain has fallen over the whole 
surface 

Suppose the area of the receiving surface i.s 00 square inches. 
Take Oo cubic inches of water and put it into a glass, put a mark at 
the height of the fluid and divide tlie glass below it with 100 enual 
parts. If the rainfall comes up to the mark, 1 inch of rain has fallen 
on each sipiare inch of surface; if it only comes u]> to a mark below, 
some amount les.s than an inch (which so expressed) in and 
y^j^dth has fallen.* 

For example, suppose the diameter.s of rain-gauge and collect- 
ing glass be given, how may we find the deptli of the gla.ss to 
contain one inch of ivater collected by the gauge, the diameter of 
gauge being 7 inches, and the gla.s.s 3 inclies. 

7* X 0 7854=38*4846 area of gauge. 

38*484t>x*252 45H o.>oAr ^ , 

^ =s;22 20.:j oz. ot water. 


™ =s 5*4 1 depth of glass rofiuired, 

:V'^x0'4o317 

0*453l7=a constant which may also be used to find the weight 
of an inch of water intercepted by the gauge, by multiplying the 
square of the diameter by it. “ 

528.- JJy what rule can toe find the tveight of icaier in onnces 
per inch in depth, distriljufed over the area of the rain* 
gauge 'f 

Buie. — Multiply the square of the diameter in inches by the 
constant number *45317. 


FaRKES* Pfaclical l/ygiene, 7th Fd. 
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629. -//i ih invli rain fall in 10 ntinutes how much would fall in 24 

hours over a stpiarc mile of surface f 

J X 6 X 24 = 18'' in 24 hourn 

1 inch over 1 acre =101 gallons 

18 „ 1 „ = 101 X 18 = 1,818 gallons. 

18 ,, 640 „ = 1,818 X 640 = 1,168,520 gallons. 

This may be also worked out as follows : — 

i X 6 X 24 = 18" m 24 hour.s = 1*5 feet 
5280 (t'eot ni a mile) squared 
= 418,176,000 cubic feet m 24 hour.s. 

418,176,000 X 6 2 (gallons in a cubic foot, a|)])roxiinatej. 

= 2,592,601,200 gallons for 21 hours. 

2,592.691,200 X lO (lbs. in a gallon) and -4- by 2,240 (lbs. in 
a ton ot water) = 11,571,514? tons in 24 hours. (See 
No. 588.) 

630 . - a)noiiiit of rainfall ih a shuiU inater-shed flows through 

the outh't vn a rocky surface '' 

When the 'Surface of a email water-shed is rocky or impervious 
or frozen, ^rds of the rainfall may How through the outlet channeb 

631 . — H7ut^ pr^'cantiofi is to he tala n in measuring the rainfall when 
snow falls iiisiewl (f rain ' 

The snow must he melted ami the water it represents measured. 
This may be carried out b,y the addition ol a know’ii ipiautity of hot 
water, the latter being deducted from the w hole ot the water 
measured. 


632 . What is meant by the annual rainfall of a place ^ 

By the amount of annual rainfall at a given place is meant the 
depth of water that would bo obtained if all the rain wdiich falls 
there in a year were collected into one horizontal sheet. The 
depth of rain that falls in any given shower is similarly reckoned. 
It i.s the depth ot the pool which would be formed if the ground 
were perfectly horizontal, and none of the water could get away. 

633 . Uov: ■may vc ealeulate the gaaniity if rain intereeided hjy 

a rain-gauge f 

Multiply the area of gaugi* by 252*458. divide product by 487*5 ; 
the result is the weight in ounces of one incli depth of ram over the 
area of the i^auge. 


252*458 

487‘5« 


weight lu grains of 1 cubic inch of water at 62** 
„ „ of 1 ounce avoirdupois. 

ax 252*458 

"" 4;i7-5 


F. 


w- water in ounces; a « area of gauge (D*x 0*7851). 
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534 . — Imvluit dcscrqjtion of places does rainfall reach its 
nmm ? 

Mountainous districts (particularly on the leeward side of 
mountains) ; and in districts whicli face the prevailing winds. As an 
example we have the warm air of the Gulf Stream saturated with 
moisture impinging on the Cumberland Hills causing a considerable 
rainfall in some districts; the Western Ghauts in India simi- 
larly related to the South-West winds from the Indian Ocean. 
The greater the temperature of the air the more water it is capable 
of holding in the torm ut su^pended vapour. When the warm air 
comes into contact with cold mountain side its temperature is sud- 
denly reduced, and as a result so much of the suspended vapour 
which at the higher temperature it held in the air, is deposited. One 
side of a high mountain may be very fertile, wliilst tin* other is 
practically a desert ; as is seen in the Desert of Gobi which is 
claused b}' the nimala3a mountains. 

S35-Jfor CA'pUnn this xavreased rawfxU xii certain dis^ 

incts 

'Hie atmosphere* is cajiable of holding a certain amount of ivater 
in the vafiorous ^tate*, its ( apaeil \ in this respect varying with the 
teinjM* rat lire — the gia ater the temperature of the air the larger the 
<{uantity of watery Aajxnir it eau hold in suspension. Currents of 
warm air laden with vajiour impinging ujion cold mountains has 
its c-apa( ity for holding watery vapour reduced by reason of the 
lowered temperature . the result i> tliat some of the* vapour is con- 
densed in the form of ram. Thi> i*\]dains the anomaly that one 
side of a mountain range ma} he fertile and the t*ther an absolute 
desert. 

In England th(* liot air from the Gulf Stream Impiiigiug on the 
Cumberland Hills causes, in some districts, a fall id bU, lOO, 200, 
and even more inches in the year. 

The rainfall in different ]>lac« s is remarkahlv irregular from 
year to year; thus at Bombay the mean being 7(). in 182*2 no less 
than 112 inche.’^, wliile in 1824 onl} o4 inehes. fi ll. 

In districts ha\ing tin average rainfall (2d to oO inches |>0r 
annum), the amounts of min that fall in summer and in winter 
ai*e very near h equal. But in the summer months (April to Ben* 
tepaber) the amount of min that ]>ercoIutes is v(*r\ small ; it is only 
one-seventh of the sumraer minfall in ehalk) soils. Nearly all the 
rain tliat falls in an average summer is evajionited from the surface 
of the soil or from the leaves of plants. The conse»|uence is tha£ 
the underground- water is not replenished from the surface, and its 
level sinks. In the winter months (October to March) consider* 
ably more than half the rainfall percolates. 

536 - — Wliat are the limits of variation of rainfall in the Umted 
Kingdom T 

The annual rainfall varies from about 20 inches on the eas 
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coast of England to 60 or 80 inches on the west coast of Ireland 
and Scotland; and at one ])oint in Cumberland (Seathwarte) it 
averaged l64 inches during 6 years. 

The amount of yoarls* rainfall varies considorabl}' in different 
parts of England. In the Eastern counties tlie average is less 
than 25 inches per annum ; throughout the remainder of England 
the average is from 80 to 40 inches ]>(*r annum, 'sn ith very much 
larger amounts in tlie mountainous and hilly districts of Devon- 
shire, Wales, Cumberland and Westmoreland (60 to 200 inches 
annum). 

537. — Wliat i« the madi'hnnm r(n)if(tU in a (ht?j in Gicat Britain ? 

The rainfall does not often exceed an inch in one day in Great 
Britain, but enormous quautitu's are recorded oecasionall} . At 
Camberwell, iii 1846, 8 inches tell in 2\ hours, and in Monmouth- 
shire, in 1875, 5*86 inches bdl in one day 

538 —Calrnlatc rainfaU : if i" ffll in lo nnnvt^^^, v'hai v'^vld 5c 
ihe a'luouni in 24 Jtfnn's tnor 'iuih^ * Shovj ihe ivorlchig. 

1 X 6x24=18" in 24 boiir^=r5 feet. 

5280 feet in mile — to be stpiared. 


422400 

10560 

26400 


27878400 

1-5 


189892000 

27878400 


4181761H>0 

6*2 gallons in a cubic foot of water. 


83<»852(K}0 

2509056000 

2,592,691,200 0 gallons in 24 hours.* 


is considered to he a rainy day ? 
One in which at least *01 inch of rain falls. 


• See Answer to Ko 629 , 
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540 * — What are the more important factors influencing the ratio qf 
the availahle to the total rainfall ^ 

The nature of tlie soil, and steepness or flatness of the ground, 
the raf)idity of the rainfall, and other eireumstanees. 

541 - — What are the caust e that influence the amount of rainfall ^ 

1. Laiitiuh . — The greatest rainfall is near the Ecpiator, dimin- 
ishing towards the Poles. But the nmnher of niiny days at the 
Equator and at latitude 60*^ art* very nearh the same. 

2. Eleratioa ahnrc the sea — Mountains inereast* tlu* rainfall. 

3. Pio.i'Uiiiiy to the ocean. — It is almost always raining on the 
west coast of Ireland and Britain. The Gulf Stream has inueh to 
do with this rainfall. 

4. Trees inertia ^e llie rainfall. 

5. do. do. 

6. Deserts . — Almost entire absence of rain. 

542 - — do forests increase the rainfall ' 

In large forests the temperature is somewhat lower than it is 
in the surrounding areas. The result is that eiirrents of air eoiitain- 
ing mneh moisture on rt'uehing the area shrouded in trees, i> eon- 
densed and falls as rain nhen it nonld not do so in the neighbour- 
ing areas. The foi\‘sts lower the air tein])(*niture and if its dew 
ixiint is reached \\ ater condenses as ram. The capacity of air to 
Jiold a<^ueous vapour in suspension is lessened as the atmosplnuMc 
temperature dcerease**. 

543 . — What are the ohjections to rain-tcatcr ns a source of supply 

(a) It is uneertain. 

(h) The quantih falling in a gi\en area is freijuently inade- 
(juate for the requirements of tin? eoinmunity. 

(c) Its eolleetion mid storage are expensne. 

(d) Tin* stored water is very liable to contamination. 

(e) Rain-water is somewhat insipid and vapid.* 

There is one great disadvantage posses.sed by rain and other 
soft waters, namely, their liability to dissolve lead, iron, or zinc, if 
left in contact with these metals. Consequently cisterns of lead, 
iron, zinc, or galvanized iron should not be used to store rain-water; 
and such water when collected from lead roofs should not be used 
for drinking ]mrposeH. 

544*~'IP/mt are the chief disadvantages of rain^WfUer supply f 

Its scantiness and uncertainty. A rainfall of 2h inches |>er 
annum is equal to 2,.V23 tons per acre, or ^6.vl80 gallons yearly, 
and even if this were all collected and stored without loss, it wotild 
suffice for 62 persons only, each person being allowed/2d gallons per 
diem. During times of drought when evaporation is usually great, 


♦ Hcsb^nd’h Forensic Msdidne and Medical Police, 
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it is manifest thafc a rain-water supply must be deficient, except 
where only a small number of persons has to be supplied. 

54r5.— ^Tamc some other disadvantages of rain-water ? 

It is almost too soft to be pleasant to the palate, near the sea it 
contains some salt, and in towns, ammonia. Beinp^ soft and contain- 
ing 0, it dissolvevs lead. 

is the special disadvantage of rain and oihtr soft 
waters f 

Their power of dissoh mg lead. iron, and zinc from pipes or 
•cisterns. 

•647. — Upon what docs the qnaJitij of stored rain-water depend ? 

1. The nature of the air through wliich it passes. 

2. The cleiniliness and purity of the channels through which 
it runs, and the condition of the cisterns or water-butts. 

648. — Under irJuft conditions may it be used with (uh^fintaqe 

1. Where existing spring.^ are bad from inijiregnation with 
earthy salts, as in the neutral ground’' at Gibraltar, and in many 
Dutch towns. 

2. It ma}' also be used with advantage during outbreaks of 
cholera. 

649. -As ri yards qiiahiy are ro In-irdicrs good os o source of f'npplyf 

Only at their sources in hills. 

560. — Uov: docs rain-ivat< r become contotninated / 

llain-waiar may be contaminated by washing the air it falls 
through, but more so by inattei's on the surface on wliich it falls, such 
as decaying leaves, bird-droppings, soot, or otlier matter on the 
roofs of houses ; it also takes load from lead coatings and pipes, and 
zinc from zinc roofs. If stored in underground tanks it may also 
receive soakings from the soil through leakage. 

661.— Wlodis the cfect of the CO^ of rain-water^ offer rain reaches 
the earth i 

COt in rain-w'ater that soaks the foul surface soils, gives the 
water power to can-y dow n to the wells a superabundance of im- 
purities. 

552.— For practical purposes v'hat are the moat important data 
respecting the depth of rainfall in a given district / 

1. The least annual rainfall. 

2. The mean annual rainfall. 

3. The greatest rainfall. 

4. The distribution of the rainfall at different seasons, and 
ospieoially the longest continuous drought. 

9 
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5. The greatest flood rainfall, or continuous fall of rain in a 
short period. 

In the Question of water-supply, the least annual rainfall and 
the longest orought are the most important facts to ascertain.’*^ 

553. — Which are tite more important of these ? 

The least annual rainfall and the longest ])eriod of drought. 

554. — Whai special points ore to he considered as to rainfall ? 

The mean maximum and minimum monthly raintall, from 
which the mean and extreme falls for each natural local season, 
wet, cold, and hot, can be obtained. The mean and maximum daily 
falls in twenty-four hours, for each month, iu the rainy reason. 
Or, mean and maximum hourly falls, longest continuous falls and 
droughts, and special occurrences. 

These arranged in a convenient tabular form are all the rainfall 
data that the engineer will generally re(|uire. 

555. — are the proportions of the leasts meanj and e/reaiesi 

annual rainfall to one anotlu^r ^ 

It may be stated as the result of experience, that the propor- 
tions of the least, mean, and gimtcst annual rainfall at a given 
station or place usually lie between those of the numbers 2. 3, and 4 
and those of the numbers 4, 5, and b. 

556. — TTTiaf is the soundest basis upon vdiicli to calculate the 

supply m a given district ' 

By taking the average of the three driest years, which will 
nf>ually be about JJths the annuiil rainfall. 

557 - — Whai is the relation between the, gradesl and least annval 
rainfall to the average rainfall ' 

About one-third above, and one-third below, the average, 
respectively. 

[For purposes of water-supply it is not sufficient to know the 
average rainfall, but we must know the extremes, namely, the rain- 
fall of the wettest and driest years. From an examination of a |freat 
number of records of different places, it appears that the rainfall 
of the wettest year is generally rather more than double that of the 
driest year. If wc assume the rainfall of the wettest year tp h% 
exactly doable that of the driest, we obtain the following approxi* 
mate rule, which is exceedingly useful in practice 

The fall in the driest year will be one-third less than the mean falL 

f* f* wettest „ „ more „ „ 


• Hehis’s Hygiene of Water and Watcr*suppUei. 
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For example, with an average rainfall of 24 inches, the rainfall 
in the driest year will be 16 inches, and for the wettest year 
32 inches, making the wettest year just double the driest year.j 

BBS,— What ia the heat nils to adopt na regards the utilization of 
rainfall for a vmter-aupply / 

The greatest is generally about one-third more, and the least 
one-third less than the average. A safe basis is to take the average 
of the three driest years ; this will generally be about five-sixths of 
the average annual rainfall. The rainfall varies in amount often in 
plat-es near together. 

559 - — How may we eatinude the rainfall as a source of water^ 
aupply / 

Fly taking the rainfall of the three consecutive driest year.s. 

560.-.4 re these data accurate ^ If noty hoiv may they he supple- 
mented f 

Such data as the above may be used in roughly estimating the 
probable available rainfall of a district, but a much more accurate 
and .satisfactory method ia to measure the actual discharge of the 
streams (if there bo any) at the same time that the rain-gan^e 
observations are made, and so to find the actual proportion of avau- 
ahlc to total rainfall. 

In addition to the knowledge of the amount of rainfall 
which can be depended u|m>ii in dry years, there must be an 
intimate knowledge of the locality from which the water is to be 
taken, of the drainage-area which will contribute to the supply, of 
the thickness and character of the water-heai ing stratum, and of 
the direction of the movement of the ground-w ater, 

561 — How may the foregoing data he obtained ^ 

To obtain these data with accuiucy, the daily rainfall of a 
given district for a period of 20 years is necessary. But observa- 
tions over such a prolonged period are rai'ely to be had. Under 
these circumstances, the most reliable records of rainfall in the 
nearest station arc to bo obtained and calculated, from. 

In oases where actual rainfall observations on the gathering 
Aground have been made for a long series of years, or even where an 
approximation to this has been formed by comparison between 
newly established ranges on the ground itself and t^he old 
established rauges in the neighbourhood, a simple calcnlation 
may be made <3 the storage capacity requii'ed to meet a given 
demand. The question of how far such oaleulation will, with 
ft reasonable margin, form a reliable basis for estimation of the 
storage oapacitj, will of course depend upon. the actual rainfall 
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observations being sufficiently extensive to represent, within 
fair limits, the variations which may yet occur. Supposing this 
to be the case, and moreover that observations have l>een made upon 
the proportion borne by the actual flow off the ground to the amount 
of rain tailing — which proportion will of course rapidly diminish as 
the absolute amount of rain is less — there can be formed a table or 
diagram of the available supply, showing its seveml fluctuations. 
The demand with its fluctuations to be provided for, will be known 
already, and it may be shown upon the diagram or inserted in the 
table. Then, working backwards in ])oint of time, and taking the 
difference between the inflow and the draught, we may detemiine, 
by a simple process of addition and suhtraction, W'hat (piuntity 
will be required in store at the commencement of the several short 
periods — generally months — into which the time is divided. The 
maximum attained will be the net capacity of the reservoir, beyond 
which a margin of safety must l)e allowed, depending upon the 
considerations already referred to. The storage capacity thus 
determined will he equal to the demand for a certain number of 
days, which number will be greater as the mean annual demand 
is greater in proportion to the mean annual supply, and it will also 
be found greater as the mean annnal fall is less. 

The gathering ground having been ilctermined, and its area 
ascertained, an estimate has to be formed of the available rainfall 
upon that area. The available fall is a quantity mure or less short 
of the mean fall — how much so remains to be seen. The mean 
rainfall is determined by rain-gauges (some varieties of which have 
already been described in a former chapter). The first deduction 
from the mean annual fall is one rendered necessary by tbo varia- 
tions in the amount of fail. The extent of tbeso variations, 
already stated, is found to be about two-thirds of the mean fall — that 
is, one-third in excess and ono-tbird in deficit. Were the whole 
of the rainfall (neglecting for a moment the loss by evaporation) 
to be impounded, and an uniform quantity, equal to the mean 
fall, to be discharged from the reservoir, the storage capacity 
of the reservoir would have to be far greater in proportion to the 
supply than has hitherto been found economical. The greater 
the mean supply (rainfall) compared with the mean demand, the 
less will be the storage capacity required to ensure the demand 
being regularly met ; and it is now the practice to consider as avail* 
able nomoretnan the mean fall for three consecutive dry years, and 
to secure a gathering ground correspondingly large. Whore all 
extension of catchment area presents difficulties, and an ioorease 
of storage capacity unusual facilities, a modification of this practice 
may be advantageous. The mean fall in three consecutive dry 
years is found to be, with remarkable regularity, one-sixth less than 
tlie mean ^11, mid this deduction is therefore always made ; ikm 
0 iie*sixth passes away in floods which the reservoir is not large 
to impoimd* 
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662*-~(?it;e afummla for ohiainhig the actual rainfall. 

Let F, the actual downpour in 24 hours, be 0*8 feet, and the loss 
by absorption and evaporation one-fourth ; then the effective rain- 
fall is : — 


f = 0*8 — 0*2 = 0*6, and the corresponding flood discharge 
per second Q, from a catchment {R) of four square leagues will be 


0*6x4 (10,000) « 
24x60x’60 


= 2,778 cubic* feet per second. 


1 f the rainfall or the loss vary over portions of the catchment 
area, th<^ parts may be treated in the same way, to obtain a total 
value of Q through summation. For this purpose the tables found 
in most works on Meteorology can be used. 

a given district or country r:liaf special conditions affect 
the amount of rainfall in different parts of that district ? 

The rainfall in different parts of a given country is, in general, 
greatest in those districts which lie towards the quarter from which 
tiie prevailing winds blow; in Groat Britain, for instance, the 
Western districts have the most rain. Ujion a given mountain 
ridge, however, the reverse is the case, the greatest rainfall taking 
place on that side which lies to leeward, as regards the prevailing 
winds. To the same cause may be ascribed the fact that the 
rainfall is ‘greater in mountainous than in flat districts; and 
greater at piointa near high mountain summits than at points 
farther from them ; and the difference due to elevation is often 
greater by far than that due to 100 miles geographical distance. 

S64.-ir;iu/ is meant hy the available rainfall ^ 

The* (frailablc rainfall of a district is that part of the total rain- 
fall which remains to be stored in reservoirs, or carrier! away by 
the streams after deducting the loss through evaporation, through 
absorption by plants, by the ground, etc. 

865 . — 117/0 / IS the propi)rfion home hy the ai'a liable to the total 
rainfall T 

The proportion borne by the available to the total rainfall 
varies very much, being affected by the rapidity of the rainfall and 
the compactneHS or porosity of the soil, the steepness, or flatness of 
the ground, the nature and cpiantity of the vegetation upon it, the 
temperature and moisture of the air, the existence of artificial 
tlrain.s, and other circumstances. 

The following are examples : — 

}^aiurt of Ground, AraiUihfe Rainfall, 

Steep surfaces of granite, gneiss, and slate, neayly 1 

Moorland and hilly pasture from *8 to *6 

Flat cultivated country ... from *5 to "4 

Chalk ... 0 
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Deep-seated springs and wells give from '3 to *4 of total rain- 
fall* 

[Snch data as the above may be used in roughly estimating the 
probable available rainfall of a district ; but a much more accurate 
and satisfactory method is to measure the actual discharge of the 
streams at the same time that the rain-gauge observations are 
made, and so to find the actual proportion of available to total rain- 
fall.] 

666 . — What is the usual luirdness of rain-water ? 

About half a degree ; in other words there is in rain-water salts or 
acid equivalent to ^ grain of carbonate of lime to the gallon. 

667. — Hcno niay ce represent this amount of hardness of the 

water ^ 

By stating that 1 grain of CaCos wastes about 8 grains of soap. 

668 « — What is the peculiarity alnyut the rttin-waier collected in the 
first showers in a manufacturing town ? 

It contains a very large quantity of sulphuric acid and is 
charged with a considerable amount of suspended matter. Sul- 
phurous and sulphuric acids also appear to be less rapidly re« 
moved, as Angus Smith found a perceptible quantity in the air of 
Manchester; and the rain-water is often made acid and is liable to 
carry down considerable quantities of tarry and (carbonaceous matter 
from the smoky air. Ammonia is found in largest proportioii during 
the early part of a shower, A litre of i*ain contains about iioc.c. of 
gases, namely, 8c.c. of oxygen, 16 »5c.c. of nitrogen, and 0'5c*c. of 
carbonic acid. Dew and snow-water have practically the same 
characters as rain-water, except that the dissolved gases are in less 
amount in snow-water. 

669. — What is there peculiar alfoui the sulpJuites contained in rain- 
water ? 

Ulie quantity of sulphates contained in rain-water increases as 
we pass inland, and could we exclude the S of coal fires, the sul- 
phates would be a measure of the “ sewage of the air (Angus 
Smith). 

^fO.-What is the legal limit of rainfall that must flow into rivers t 

One-third. * 

671. — Whai is the amount of the rainfall amilahle for storage t 
^ It varies very considerably, but on an average about |%tbs 
is available. 

679.— jfrs there any towns or eiiies entirely or altnoei entirely eupr 
plied hy rain-water ? 
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Yes ; Constantinople, Malta, Gibraltar, Venice, certain towns 
in Holland and parts of South Africa. 

S73.-Why are these 'places obliged to use collected rain-water ? 

Because (1) they are below the sea-level or the level of the 
rivers, as a result of which sewajje, etc., cannot be drained off and in 
many places contaminate the soil to such an extent that wells sunk 
in the soil supplies an unwholesome water; and (2), they have no 
springs fit to drink. 

674 . — 1% rain-water good as a source of supply ? 

If collected on a prepared ground, it may be good on account 
of its purity, but it is at best an uncertain source of supply; it is 
very liable to be contaminated in the large storage reservoirs that 
are necessary to keep it in. 

676.-/S rain-water collected for domestic use ^ 

It is; in the country, and in certain towns where the air is free 
from smoke, the rain falling upon the roofs is collected and stored 
in cisterns for domestic use. It may, however, be collected from 
any other natural or artificial impervious surface. Its softness 
renders it valuable for w’ashing. especially if the alternative supply 
is hard, but owing to sooty and other matters acquired from the 
air and from the roofs themselves, it is seldom obtained in a state 
of sufficient purity for drinking purposes. It has been estimated 
that on the average only about tw^o gallons per head per diem could 
be collected in this way. The annual yield is found by multiplying 
the inches of annual rainfall by the square inches of sectional area 
of the building (not the slant surface of the roof). This gives the 
eubic inches of water per annum, and multiplied by 0*0036, the 
number of gallons. If i*ain is relied upon for more than auxiliary 
supply, the collecting siirface and storage capacity must be regu- 
lated by the minimum annual rainfall and the longest dry season. 

rain-v'aier with spring and well-water. 

River-water is softer than spring and well-water, and usually 
contains leas mineral matter, but its composition is very complex, 
and varies with season — e.iy., summer or winter; it may also be 
contaminated with sewage, but as a rule river-\Vater is fairly pure. 
Some springs and wells contain so much saline ingredients that they 
'are only used for medicinal purjwses, and are known as “ mineral 
waters.'* 

677* — Emdahu with reference to populatio%i^ the subjects of gather- 
ing ground, rainfall ana storage. 

The number of people to be supplied and the number of gallons 
per bead required being known, area of gathenng ground required 
11^1 depend on the following factors. The mean annual' rainfall, 
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that is, the mean fall in the driest three consecutive years on record, 
must be ascertained ; this will generally be about five-sixths of the 
average annual rainfall. A portion of the rainfall will be lost by 
evaporation and absorption. This will be much the same year by 
year, whatever the total fall, and may be equal to a fall of 10 to 
14 inches, the total fall (in England) ranging from 16 to 70 inches, 
with a mean of 30. (There are one or two exceptional places w^here 
the fall is greater.) A further deduction from available rainfall 
capable of being stored will have to be made on account of storage 
to compensate mill-owners and others having water rights, ])erhap8 
to the extent of one-third or one- fourth of a\ a liable total. 

Capacity of storage reservoirs will dejiend u[)on area of catch- 
ment. With a catchment area large in ])roportiou to population, 
and with a fairly distributed rainfall, the neces.sary storage SfMice 
will be less than in a district where there are long droughts to be 
provided for, and where the catchment area being small it is essen- 
tial that loss by escape of water during heav\ floods should be 
minimized by providing large reserv'oirs. 

Average loss by overflow of storm-water may be taken at about 
10 percent, of total fall. Average proportion of rainfall available 
for storage may be estimated at about six-tenths of the hole. 

Keservoirs in miny districts muN contain 120 days’ supply; in 
drier districts 200 days’ supply. 

Hawksley’s formula for storage* is 

r 

D being number of days’ su[)ply to be stored, and F the mean, 
annual rainfall (fivivsixths of average). Storage capacity may var}' 
from 25,000, to 50,000 cubic feet per acre f)f catchment area. 

S78.-JDoe3 ritln^tcfdcr ccmiuin any hactcrohl fonns ^ 

It does ; the rain washes out of the air countless bacterial and 
fungoid organisms and their s|)ores. The rain wliieb first falls in 
a shower, and that which falls after a fjcriodof dry weather, contain 
far larger numbers of bacteria than that which falls later on in a 
storm or succeeds the first shower: 200,000 germs per litre is not an 
unusual quantity under the first set of circumstances. During the 
warm months of the year, the number of bacteria in the n^in are 
greatly in excess of those found in rain falling in winter and early 
ajpring. The greater number of the organisms in rain are micro** 
cocci. All the organisms (micrococci, bacilli, bacteria) found in 
rain exist to a larger extent in the form of germs or spores than in 
the adult state. Besides l3acteria, pollen of grasses anil flowers, 
microscopic plants such as the protoeoceus •pVuvialU, and spores of 
fungi are found in rain; the latter being sometimes in sufl^ient 
<|fnititity to cause a localised fall of what is known as ** coloured 
vtixL** * 
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S70 * — How is the rainfall of urban disiricU rendered impwre ? 

By acting as a scavenger of the air and soil, it washes the 
air of the streets, court yards, roofs, etc., and thus conveys away an 
immense amount of impurity. 

580 . — In wlmi mctnmr does the rainfall affect the temperoAiire of 
the soil and aimosidiere ? ^ 

During its evaporation one grain of water absorbs as much heat 
as is sufficient to raise 960 grains of water to 1® F. The reason is 
that in its conversion into vapour water renders latent a con- 
siderable amount of heat. Soil that is well drained is cmteris 
paribus warmer than one not drained, because there is less water 
t(» evaporate. 

BBl.-How may rainfall he collected in an area ? 

By rendering the surface impermeable bv a covering of slates, 
asphalt 0 or cement having sloped beds with outlets leading to 
a reservoir. 

582 . — How nwy the wnivr collected from a yathcring ground he 
obtained and kept jitire ^ 

1'he collection of drinking water fi*om the surface of land needs, 
ill the first place, a clean, uncultivated and uninhabited tract of 
land as a catchment area, and in the second ])lace, the water stored 
in the re.servoir, whicli is liable to become putrescent or seriously 
affected by the organisms, plants, and animalcuhe that inhabit 
stagnant water, re(|uire8 very pewfect and careful filtration. 

583 ---To teJutt specud paints slandd attention be given in the 
ronstntrfioa af tnider ground tanks ? 

To see that they are water-tight ; that they are properly covered, 
and thoroughly ventilated ; to have them deep rather than broad ; 
to keep the water cool and ]>revent evaporation ; and to have them 
periodically cleaned out. 'I’lio w’alls may be made of stone masonry, 
slate, etc,, but in the former case hydraulic mortar and not ordinary 
mortar is to be used in the jt>intitig. [Ordinary mortar yields lime to 
the water and makes it “ hard,’' If the tank is large the roof 
should be sujiported on buttresses or piers.] 

884 > — What special precavfiau is to be taken after coUectioii f 

' If rain-water k to bo used for drinking purposes, it should 
always after oollfjfction be filtered through sand and charcoal, or 
other equivalent material, so as to remove suspended matter before 
storage ; and j/t should then be kept for some time in carefully- 
covered and Voll-aired tanks or cisterns, lined with slate or other 
impervious |mn-metallio material. A good plan is to pass the water 
ijNm a Bolts’ separator through a oopauit sufficiently wide to 
oousidorablyaimmish the velocity of the current, and over a catch- 
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pit which will retain the grosser suspended particles. The conduit 
should then make a considerable din, so as to deliver the water at 
the bottom of the filter, though it snould pass in an upward direc- 
tion to an effluent pipe convejring the filtered water into a covered 
slate-lined tank. The filter may consist of successive layers of 
coarse sand, charcoal, magnetic carbide, or other equivalent purify- 
ing material ; coarse gravel, and sand. 

506. — What are tlhe effects of rain-water on iron storage tanks and 
iron pipes connected with them ? 

When iron tanks and pipes are used for the storage and distri- 
bution of rain-water, the metal becomes rapidly corroded ; and no 
useful purpose appears to be served by coating the iron with zinc 
(galvanising) ; for the zinc is quickly removed, and the water be- 
comes turbid with zinc compounds, and even contains this metal in 
solution. This zinc-caused turbidity persists until all the coating 
of zinc has been removed. 

586 . — Kovo are ilia under-g round cisierm prepared in Venice '' 

An excavation is made in the soil as deep as practicable, gener- 
ally about ten feet, and a brick floor and walls are built with a 
backing of puddled clay, so as to bo water-tight. The walls ai*e 
sometimes vertical, aud sometimes they slope outward. A well- 
hole is built of brick, water-tight except at the bottom, where 
openings are left. The cistern is then tilled with sand, and drains 
are constructed to collect and distribute the rain-water which runs 
from the houses and falls upon the streets and courtyards. The 
water is thus subjected to filtration through sand, and, as thei’O are 
no draught-animals in Venice, the street-wash is not as bad as it 
would be in other plac*es. 

587' — What precautiom should J'c taken in the construction of 
tanks and wells tvhen the ghmnd is porous ^ 

When the ground is porous the brick lining should be of 
radiated bricks, with close vertical joints, and backed with pud- 
dled clay, 8 or 9 inches in thickness, instead of clay a common 
kind of asphalte may be used, composed g«w tar and any iion- 
porous dry material 8oreeno<l through ^h inch meshes, and 
worked as for dry cesspits, for both floor And backing of walls. 
The thickness of this need not be more than an inch, but 
care should be taken that it is not less in atiy part than ^ ait 
inidi. In this case the radiated well bricks should also be laid with 
l^dranlic mortar or with cement. 

B89»^De$cribe another method qf lining ilte tanks. 

Another method is to use no bricks at all, but ^ render the 
Hides of the excavation impervious with Portland ceiBat in three 
^latHi the full thicknees of the cement being not less t^n an inoh# 
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In this Ofi^ it is very necessai^ that the sides be rimmed down to 
«n exact circle. It has been objected to this method that the ^ound- 
water may rise outside the tank above the level of the water within it, 
and, by its hydrostatic pressure, burst off the cement lining. This 
would probably be so if care were not taken to make the excavation 
circular ; but that being done, and there being necessarily an equal 
external pressure all round the well, the cement ring would be put 
under a compression not greater, in all probability, than it could 
withstand. If it be desired to have a brick lining, and to coat the 
face of that with cement, the bricks should be laid dry, to prevent 
settlement of mortar joints. 

589 .- What ivould he the intrineu’ coat of water under the fore* 
(joimj circuinsiances T 

If we suppose the tank and pump to last, with a full allowance 
for repairs, only 30 years, there would be procured in that time 

100.000 gallons of water. If we take the first cost at £6, and allow 
2 per cent, per annum for repairs, or 2s, fid. every year during the 
30 years, and add 3d, for redemption in 30 years at 5 per cent., and 
capitalise that combined annual payment at 5 per cent., we shall 
add 55fl. to the £6, making £8 15«., or say £9. For this sum, in- 
cluding prospective expenses for 30 years, a quantity of 100,000 and 
odd gallons of water would be procured, being at the rate of about 
Is. 9d. per 1,000 gallons, or 48 gallons fora penny. 

!^90,-lIow may such a weil he covered f 

A well of small diameter may easily be covered with stone 
fiags, or cast-iron plates, or it may be domed over. It is neces- 
sary to leave an air-hole in the cover, and to protect it with a 
hood so that it cannot be reached for mischief. 

591 . — What slumid he the dimemions of ilte store* reservoir of 
water uiuler various circumstances in England ? 

If all the rain-water is to be stored and used gradually and 
ecmally day by day, the capacity of the tank should bo from about 

1.000 gallons in the western counties to about 2,000 gallons in the 
eastern counties ; but the rules of stora^ capacity applicable to 
water- works reservoirs do not apply in this case, because, in small 
houses, it is impossible to limit the cjuantity daily drawn out of the 
tank (although that is quite practicable in the case of a mansion), 
and if the proper average daily quantity be exceeded it throws out 
any calculation which might oe made on the basis of a given daily 
quantity to be used. If the tank be made to hold 1,000 gallons, it 
will be of reasonably sufiiclent sixe for one house, and this would be 
contained in a space 6 feet 8quai*e and 4^ feet deep, or in one 5 feet 
square and fi| feet deep. But, perhaps, the cheapest tank tl^t can 
ha made is a well. A circular well may be sunk, 5 feet diameter, 
to a depth of 15 feet ; and if the ground be a stiff retentive clay to 
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that depth, a trial hole should be dug in the bottom to the depth of 
a’ foot or 18 inches to ascertain that the clay continues to a sufficient 
^pth below the bottom of the well, the hole being carefully filled 
in again with puddled clay. The well may then be lined with half* 
brickwork in hydraulic lime mortar, leaving a clear diameter of 
4 fe^ 3 inches. If the bricks be laid dry the water will pass through 
the joints to the clay at the back and dissolve it, and part of it will 
be washed into the well as the water- surface lowers ; and if the 
mortar be made of other than hydraulic lime, it will be dissolved. 

592. — Wlmi impurities imiy he found on the roofs of homes ? 

The roofs of houses are fouled by bird-droppings and by decay- 

vegetable matter and soot. Rain washes these off. hence in col- 
lecting rain-water from roofs the first part is to be rejected. 

S93* — In ralridaiing tJte area of a collect Iny roof vdtut do we esh^ 
mate f 

The area of the base of the house. The slopes are not counted. 

594. — Does the slope of a rtuf interfere materially v'iththe result ? 

It does not; but it more accurate to take merely the flat 
surface area corresponding to the area of the grouud-flooi* rooms, to 
which we add the sectional area of the walls and caves. 

595. — Jlfnc may ice estimate thr rainfall off the roof (f a , 

Ascertain the area"* of the roof in square feet, multiply it by 
144 (which brings the area to square inches) and multiply this 
by the rainfall, the result is cubic inches of water. To convert 
this into gallons, multiply by 277*274 ; or divide by 1,728 (cubic 
inches in a foot) which gives the cubic feet of water. [A cubic foot 
of water weighs 62*5 lbs ; and measures gallons ; 1 gallon of 
water weighs 10 lbs. ; 62*5 lbs. = 1,000 ounce.s = weight of n cubic 
foot of water.] 

When roofs ai’e used as collecting surfaces for rain-water, the 
first portion of rain which falls and descends from the roof should 
be rejected, as it is liable to be much polluted with soot, vegetable 
matter (leaves), and animal matters, excrement of birds, etc., washed 
off from the slates or tiles. 

If the amount of roof space per head in a town is fiO square 
feet, and the rainfall 30 inches in the year, deducting one- fifth to]> 
evaporation, 207,360 cubic inches of rain (= 120 cubic feet or 748 
galions) is the amount available for each person in a year, which 


*'X]i oaloohitiiig the area, the flat aarfeoc and not the slope is to be measured t 
is remsented by the total area of the rooms on the ground-floar to wHu^ 
Is added the thiokness of the walls and eaves. 



<JHAF. V.] RAIN-WATKE AND RAINFALL. 141 

is equal to about 2 gallons daily. This is the amount available 
from the rainfall — 30 inches — of an average year. 

One cubic foot, or 1,728 cubic inches, of water being equivalent 
to 6*25 gallons, the number of gallons of water can be easily cal- 
culated. It has been estimated that even if a rain-water supply 
for towns were desirable, the amount collected from the roofs of 
houses would scarcely average 2 gallons per person daily, assuming 
the average rainfall to be 20 inches, and that there w as a roof area 
of 60 square feet for each individual. As the roofs of houses are— 
or should be — quite impermeable to water, there is no percolation 
or sinking in of the fallen rain. 

S96* — How sJwuld it he stored ^ 

In underground tanks or cisterns properly constructed and 
secured from all forms of contamination. 

597. — ll7ta/ part of the rainfall ran he used for storage ^ 

About half is lost by evaporation or percolation leaving only 
about 3 gallons per head. 

598. — are the chief imparities of such vater ^ 

Cl, and nitrites and lime absorbed from the cement, 

599. — What 2^reca ntions are to he talcvn in regard to the collection 

and storage of rain-waler ? 

When rain-water has to be collected from buildings and stored 
for drinking purposes, special precautions must be taken to ensure 
its cleanliness and freedom from metallic compounds and from 
organic impurities. For this purpose it should never be collected 
from surfaces of lead, and oven roofs covered with sheet zinc or 
galvanised iron communicate some zinc to the water collected on 
^em. Roofs covered with slate afford the best collecting sui^faces 
for rain-water. The first water collected after dry weather is always 
dirty, polluted with the excrement of birds, and contains vegetable 
spores. 

600 . - What apparatus has been invented and highly commended 

for the separation of gross impunties of rain-water atw? 
for its collection in a pure state { 

Mr. Charles Gay Roberts has designed a very ingenious and 
•Active separator for automatically getting rid of the hrst and 
dirty rain-water falling after drought — ^the Automatic Rain 
Water Separator’* or “Collector,” by which the first part of 
the rainfall is prevented from flowing into the storage tank. 
This is so lurranfi^d that part of the apparatus is aslant, and 
tiiirows off the first part of the rain which has washed the 
dirt from the roof. 
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The change of position is effected by the gradual accumulation 
of a small portion of water in the chamber of the canter ; when 
the water reaches a certain height, it makes the left side heavier 
than the right, and the canter turns a little on the pivot that 
supports it, so that the water is delivered two inches furtner to the 
right than it was before ; and whereas it at first ran through into 
the waste pipe, it now runs through into the storage tank. 

In a very slight rain the whole of the water passes through the 
strainers and a hole, and when it is not enough to effectually 
wash the roof it all escapes without making the canter move. 
"Wlien there is more rain than can pass through the hole it rises, 
and a small quantity runs over the side of the funnel, slowly filling 
the chamber. When the chamber is filled to a certain height, it 
over-balances the canter and makes the water run to storage. This 
change in position causes the water to run into one chamber and 
cease to rnn into the other. As the water sinks in one it also sinks 
in the other causing the apparatus of the siphon to act and empty 
the chamljer. 

As soon as the chamber is empty, the canter rights itself, ready 
for the next rainfall, the right hand side of the canter being heavier 
than the left when it is empty. By means of the joint action of 
the sluice and the holes the flow of water in the working part of the 
separator is so regulated that the chamber is filled to the canting 
point as soon as a certain (|uantity of rain has fallen. 

[A vertical separator is used where a single stack piyte carries 
the water from the roof to the tank.] 

If the people of Entjland had to depend on ro(f -collected rain- 

wafer, could this provide sufficient for all jrrtrposes ? 

In most English towns the amount of roof spac e for each per* 
son cannot be estimated higher than fiO square feet, and in some 
poor districts is much less. Taking the rainfall in all England at 
30 inches, and assuming that all is saved, and that there is no loss 
from evaporation, the receiving surface for each person would give 
9^5 gallons, or gallons a day. But as few town houses have any 
reservoirs, this quantity runs in great part to waste in urban 
districts. In the country it is an important source of supply, being 
stored in cisterns or water butts, li, instead of the root of a house 
the receiving surface be a piece of land, the amount may he oaleulated 
in the same way. It must be understoodt however, that this is the 
total amount reaching the ground ; all of this will not be available ; 
some will sink into the and some will evaporate ; the 

Unantity lost in this way wul vary with the soil and the season from 
die o«ie*lii^ to seven-eighths. To i^ilitate these calculations, taUes 
liare been constmoted by engineers. 



CHAP. V.] ' BAIN-WATBE AHD EAINFALI,. 143 

603.-G^v« a Table showing the daily yield of water from a roof of 
given area wiih varying rainfalls. 


Area of House, 10 feet by 20 feet, or 200 square feet. 


Mean rainfaU. 

Loss from i 
evaporation. ' 

Kequitite | 
capacity of 
Tank ; 

Mean daily 
yield of 
Water. 

Me an daily 
yield of Water I 
in wettest 

Mean daily 
yield of Water 
in driest 


! 

year. 

year. 

Inches. 

Per cent. ■ 

Cubic feet. 

Gallons. 

Gallons. 

1 Gallons. 

20 

25 

' 100 ' 

4-:i 

h-7 

j .^1*2 

25 

20 1 

1:15 

5-7 


i 3*9 

ao 

20 

145 

0-8 

9*4 

i 4‘5 

Wo 

20 i 

155 

7-9 

11*0 

5*0 

40 

15 ! 

1H5 

9*7 1 

i:j*l 

i 7*2 

45 

15 i 

t 

1 

170 i 

10*9 

14*2 

„ J 

! 8-6 

1 


For any other size of roof or amount of rainfall, the numbers 
will be proportional. 

The amount of evaporation from the surfac'es of roofs may be 
taken as averaging throughout the year 20 per cent, of the rainfall. 
The evaporation is greatest where the rainfall is least, and vice 

604. — Ifoio may we find the amount of rain-watt^ that can be coU 

lected from any roof ^ 

Reduce the area to square inches, multiply by the rainfall, and 
the result by ‘00*3(>07 to find the number of gallons supplied, or by 
*OO0ri8 for cubic feet. One inch of rain gives gallons for every 
scpiare yard, or 22,017 for each square acre. 

605. — Give an example an to the method of calculating the rainfall 

from a prepared receiving surface and from a roof 

Suppose the rainfall to bo 20 inches per annum, and the area 
of the receiving surface 500 square feet. Multiply the area by 144, 
to bring it into square inches, and this by the rainfall, and the 
product gives the number of cubic inches of rain v^hich fall on the 
receiving area in a year. 

S0B,^What is the supply m the case of a house 40'x20' with 42 
inches of ram per annum 't 

A house 40 feet by 20 feet, i.e., covering 800 square feet, would 
receive upon its roof, with a rainfall of 42 inches, 2,800 cubic feet 
of water in the course of the year. This would be about 21,000 
gallonB, or about 60 gallons per day on the average. 



144 


WATBB. 


[PJJWC 1 , 


Care shoald be taken that the numbers multiplied togethei* are 
brought to the same denomination. In estimating the amount of 
rain that can be collected from a sloping roof, take the area as that 
of a transverse section of the liouse including walls and eaves ; that 
is, take the area of the ground covered by the roof. If the average 
rainfall be 20 inches, it would only give 2 gallons per day to each 
person if collected only from roofs of houses in towns, afesumiug 
each house to have an average roof area of (50 square feet to each 
individual.* 

607. — Express in gallons, an inch of rain per sguare yard, 

4*673 gallons. 

608. — IIow 'tnany square yards in an acre ^ 

4,840. 

609. — FWiai are the t^ariaus eqniv(dc7iis of one inch of r<iin over an 

acre of ground ? 

An acre consists of 6,272,640 square inches, so that one inch 
of rain falling on any day gives 3,630 cubic feet of water to the acre, 
22,622 gallons, or 2,262,250 lbs. ; which divided by 2,240 (lbs in a 
ton) gives 101 tons (approximately) of water ))er acre. For every 
Y^^th of an inch one ton of water must be calculated. 

610* — How is the amount of %cater provided hy rain calculated in 
a given place '' 

By multiplying the rainfall into the area of the receiving 
surface. 

611. -IS rain-water collected from roofs of houses always of reli^ 

able quality ? 

It is not ; the rain-water collected from the roofs of houses and 
stored in underground tanks is often impure ; it is often polluted to a 
dangerous extent by excrementitious matters, and is rarely of sulii- 
ciently good quality to be employed for dietetic purposes with 
safety. 

612. — IVhence is rain-water usually collected ^ 

It is usually collected from the roofs of houses, and occasion- 
ally from paved or cemented and prepared ground.t 

613. — How are tihe channels of the gathering ground formed ? 

They may either be the natural watercourses of the district or 

these may be supplemented by closed drains or open ditches, 

014.r-B^ is the ohjertion to open ditches as cluinnels f 

They form receptacles for vegetation, and as the current in thorn 
must necessarily be slow, there is considerable loss by evaporation. 
The position, extent, and dimensions of the drains leading to the 
vesaiVoirs will depend upon the configuration of the district. 

• Allxk*S Aids to Sanitary Seknee, 
t See HxHia*s Hygkne of Wats^r and WaUr^supplks. 
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For the filtration of rain-water it is a common practice to con- 
struct a filter underground, in which case certain precautions are 
necessary. It is essential that the brick which contains the sand and 
the gravel should be built in cement, so as to render it impervious 
to soakage from the surrounding soil. Sometimes, in addition to 
sand and gravel, charcoal is introduced, but this is objectionable, 
because the water has afterwards to be stored, and charcoal imparts 
to water a material which favours the growth of vegetable micro- 
organisms. Such filters as these are apt to be neglected, on account 
of their inaccessibility. It is not easy, even if every facility is offer- 
ed, to induce the public to systematically cleanse and inspect, them, 
but if any difficulty stands in the way of doing so, it is hopeless. 

616. — What ([uantUy of water is there in an inch of rain •per acre ? 

About 101 tons, 3,630 cubic feet, or 2*2,622 gallons. 

617 — What are the various equivalents of different volunies of 
tvaier f Give also the various factors required in mm- 
watery and public water-supply calculations, 

1 gallon=101b8 =*1605 cubic fcet=70,000 grains, 
litresr^277*273 cubic inches. 

224 gallon8=l ton=35'y4‘2 c. feet=l*331 c. yards. 

1 piut=34*6592 cubic. iuches=l*25 lbs.=0*206 c. feet=*5679 
litre=8750 grains 

1 fluid oanco=l*72 cubic inclies=437 4976 grains. 

1 dram avoir. =27‘3436 grains. 

1 cubic inch =252’5 grains. 

35*942 c. ft. =1 ton. 

1 cubic yard =168*2694 gallons. 

1 cubic toot =997 ounces (or approximately 1000 ounces ) 

1 foot of water at 02^ F.=62‘4 lbs. pressure on the s(piare foot. 
Do. = 0*4333 li)s. on square inch. 

Do. = 0*0295 atmosphere. 

Do. = 0*8823 in 320 F, 

Do. =773 feet of air at 32^ F. and 1 atmo- 

sphere. 

1 lb. on square foot =*01o feet of water. 

1 atmosphere of 29*992 inches of Hg.=33*9 feet of water. 

1 inch of Hg. at 32® =1*9334?. 

1 foot of air at 32^ F. and one atmo8phero=*001294, 

1 foot of average sea-water= 1*026 ft. of pure water. 

The amount of water given by rain is calculated from (1) amount 
of rainfall, and (2) the area of the receiving surface. 

10 
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The former is ascertained by a rain-gauge ; the area must ba 
measured (4,840 square yards=one square acre ; 640 square acres=s 
one square mile, and 9 square ft.=l square yard) ; then area in sq. 
feet X 144 (to bring to square inches), x rainfalls; total amount (in 
cubic inches) on area in given time. 

■Product (in cubic inches)-^ 277*274, or x 0*003607 = number 
of gallons. 

One inch of rain=4*673 gallons on every square yard, equal to 
101 tons of weight on each square acre. 

One cubic foot of water«6*2355 gallons (61 approximately). 

Inches of rainfall x 3630=cubic feet per acre. 

X 2,323,200=cubic feet per 8({uare mile. 

X 14*5=million of gallons per square mile. 

Number of feet of rain X 193, 600=cubic feet per square mile. 

„ X 302*5 =:cubi(‘ feet per acre. 

Feet per second x*(>8=feet per mile. 

„ X 20=yard8 per hour. 

Cubic feet per second X 61 =gal Ions per second. 

„ X 375=gallon8 per minute. 

„ X 22=thousand8 of gallons per hour. 

„ X 500=thousand8 of gallons per diem. 

„ X 2400= tons per diem. 

61 117m ( is meant Inj Monaaons ^ 

Just as breezes are set in motion by the accumulated heat of 
the day and the radiation during the night, so the accumulated 
summer heat and winter cold over large continental areas is suffi- 
ciently powerful to set in motion, seasonal or periodic winds, known 
as ** Monsoons** (from an Arabic word meaning ** season ”)» l>lowing 
half the year in one direction and the other half in the opposite direc- 
tion and even reversing the Trade Winds. Thougli local monsoons 
are produced on the Guinea coast by the Sahara, and in the West- 
ern North America by the great plateau in that region, the chief to 
which the name was originally applied are those of India, or rather, 
of Central Asia which are so intensely heated as to have an average 
temperature of 90® F. and consequently became the centre of a low 
pressure area. Air flows into this area from all sides^ — from Sil>eria 
on the north, from China on the south-east, from India on the south 
and from Europe on the west. In winter, on the other hand, matters 
are reversed, the temperature falls to the freezing point, the pressure- 
rises proportionately, and the wind flows out in all directions. This 
winter wind the North-East Monsoon of India blowing from October 
to April over the Himalyas, is a cool di^ wind, whilst from April to 
October the hot South-West Monsoon blows from the Indian Ocean 
linden with moisture, which is precipitated in contact with the 
amnntains. 
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BlB*—JBxplain the formation of Deto* 

When a glass or raetal goblet of cold water is brought into a 
warm room its outer surface is dimmed with minute drops of 
water condensed from the moisture in the surrounding air, in like 
manner on a clear summer evening the blades of grass become 
covered with dew. If the sky is cloudy the air will be warmer and 
dew will not form. Grass and other leaves freely radiate, or give off 
into space, the heat they have received during the day, and the air 
around them is gradually cooled down to its point of saturation or 
dew point, when the dew will be deposited. Clouds, however, ob- 
struct this radiation, and so make the night warmer and hinder the 
formation of dew. which is therefore more copious on a clear night. 
The soil does not radiate heat so as to fall below the temperature 
of the adjacent air as readily as do the leaves, and therefore the 
dew is mainly precipitated upon them. In hot countries, where the 
amount of aejueous vapour in the air is very great, the copious 
dews are of much service in long droughts or in rainless areas. 

620. - is mc*mi by the Snow4lne ^ 

'Phe .snow line or line of perpetual Rnow% is a line above which 
tlie snow never entirely melts. AVitbin the tropics this line is about 
10,000 feet (three miles) above sea-level. At Quito, ivear the Equator, 
it is At 15,800 feet : in Mexico, 19° N. at 14,800 ; on the south side of 
the' Himalayas, which is supplied with abundant moisture from the 
Indian Ocean, it is at 10,200 feet, but on the north side, wliich is 
heated by the dry air from Thibet, at 17,400. In Granada, lat. ST N., 
it is at 11,200 feet, and on the Mount Blanc, lat. 46'* N., 8,500 feet. No 
point in the British Isles actually reaches the snow line. In Iceland, 
m lat. 0 N., it is at feet ; in the Island of Mageroe, on the North 

Coast of Norway 2,000 feet, and at Spitzbergeu at the sea-level, 

621. — E,vplain the formation of MiH. 

On a still summer evening the valleys of streams and the 
surface of lakes often become covered with a mist or cloud. This 
is produced by the radiation f)*om tbo ground being more rapid than 
that from the water, so that the vapour given off from the latter is 
chilled and condensed. Mists also form commonly on mountains, 
when a warm wind strikes upon their slopes and ascends into colder 
altitudes. A mist only differs from a cloud in being close to the 
ground. Clouds are alwavs raining, since the drops of which they 
are composed always tend to obey the action of gravity. 

th^ eondeMoHon of atmospheric vapour. ^ 

Just as steam is visible inside a flask half 'filled with boiting 
water» or as it is leaving the spout of a kettle or the funnel of an 
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engine, and as it comes into contact with the cold outer air is condens- 
ed into a cloud of minute drops of water, so the moisture in the air is 
condensed into what is sometimes called viable vapour when the 
temperature is lowered or when the moisture-laden air ascends to 
colder regions of the atmosphere. This leads to the formation of 
dew, hoar-frost, mist, cloud, rain, snow, or hail, the various forms in 
which the precipitation of atmospheric moisture takes place. 

623 . — Explain the formation of Hoarfrost. 

When the temperature near the ground falls very low from 
excessive radiation, as in a still clear night in winter, the dew as it 
forms, instead of appearing as small drops of liquid crystallises into 
solid, geometrically regular particles, or crystals of ice. It is then 
known as rime or hoar-frost. Windy weather is unfavourable to the 
formation of dew or hoar-frost, as the air is carried away as rapidly 
as it is cooled. 

624 - — What is Hail T 

Hail is probably due to the freezing of rain-drops in their passage 
through strata of air colder than those in which they were formed— 
drops of rain more or less suddenly formed. 

625 . — Explain the occurrence of Hail. When does Hail generally 

jfcXLf 

It is generally in hot weather, especially in summer and in con- 
nection with thunder-storms that precipitation takes place in the 
form of hail. Hail consists of pellets of ice, generally conical - 
shaped and denser at the base, the apex being often broken on 
striKing the ground. The hailstones are believed to originate in a 
Tery sudden condensation of the moisture in one atmospheric cur- 
rent in contact with another. They vary in size and become 
apparently striated by agglutination in falling. In tropical and 
BUb-tropical storms the hailstones are sometimes as a l^ge as a 
hen’s eggs, or even larger.* 

626 . — Whal pceulia/r plienomena arise from the formation of small 
crystals of tee in the air ? 

In cold countries the air is often filled with small crystals of 
ice which give rise to the phenomena of haloes and parhelia. 

027-— What is Sleet ? 

Half-melted snow, and it is in the intermediate condition 
between this and rain. 


* Izt a reeent hiul-atorm in Hyderabad the hailstonos weighed an ounoe 
issk. (See Indutn UedieaX Becord, March 1698, for a description of that 
iMliitonii.) 



CHAP, TI.] QUANTITY OP WATER REQUIRED. 


14& 


628- — Wliat is the equivalent of one inch of rainfall in 24 hou/rs i/n 

cubic feet over an acre of ground ? 

Rainfall at the rate of one inch in 24 hours delivers upon each 
acre of drainage area about 2*5 cubic feet of water each minute. 

629- — By what formula may we ascertain the amount of rain ? 

Area in square feet X by 144 X rainfall in inche8~1728 = cubic 
feet. 

Cubic feet x 6*24 = gallons 

or simpler, in which the error is 4 per cent : — 

Area in square feet X half the rainfall in inches=gallon8. 

1 inch of rain delivers 4*673 gallons on each square yard. 

„ » 22*617 „ „ „ acre, 

it 101 tons ,, ,, ,, 

[The average rainfall for all England is 30 inches annually.] 

630. — What is the equivalent of an inch of rain over a square yard 
and a square acre ? 

One inch of rain delivers 4*673 gallons on every square yard, 
or 22,617 gallons (101 tons by weight) on each square acre. 


CHAPTER YI. 

Quantity of Water Required, 

631 .“ Wh-ai gmuitify of water is daily consumed by an adult man f 

From 70 to 80 ounces. 

632 * — Hoit? much is {a) actually drunk, and (b) how much is taken 
into the system in the so-called solid food ^ 

(a) From 50 to 60 ounces is drunk, and (h) from 20 to 30 ounces 
is contained in solid food. 

633 . — How much water does a healthy adult male require 'per diem f 

A healthy adult requires daily from 70 to 100 oz. of water for 
the proco.ss of nutrition, al>out one-third of which is contained in 
articles of diet (in the so-called dry food), the Other two-thirds being 
supplied in the form of liquid. 

634 . — Hoio much water is ingested daily })er pound weight of body f 

Half an ounce per pound weight of body. 

635. ^By what organs of the body is tcatei" lost f 

Wo are constantly throwing off a lot of water from our body— 
from the lungs in the form of watery vapour ; from the skin in the 
form of sweat ; and from the kidneys, as urine ; a small quantity Iw 
also lost in the fmcos. 
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036 . — Give a table showing what you consider to he the least, great- 
est, and the average supply of water per head in a manu* 
facturing town, spedfytng the purposes for which the 
quantities stated are required ? 



Gallons per day per head* 


Least. 

Greatest. 

Average. 

Used for domestic purposes 

Washing streets, extinguishing fires, 

7 

15 

10 

supplying fountains 

3 ! 

3 

i 3 

Allowance for trade and waste 

7 1 

j 

1 / 

1 7 

Total in non-manufacturing towns 
Additional demand in manufacturing 

17 

25 

20 

towns ... j 

10 : 

! ! 

10 

.1 

10 

Total in manufacturing towns 

27 ! 

35 

30* 


637 . — In gross amounts tvluU is Professor RAXSriSirS estimate ? 


An estimate of 1(» gallons daily per individual for domestic 
purposes, 10 for municipal purposes, and 10 more for trade purposes 
in manu&ictaring towns. 

638 . — What quantity of water is required per head of population ? 

After ^ving considerable attention to this subiect, the late Pro- 
fessor E. A. r ARKEs arrived at the conclusion that 25 gallons per head, 
per diem, is the minimum quantity of water to be allowed. In places 
where sewers are in existence, it is necessary that this amount of 
water should pass through the house drains into them, in order to 
guarantee the complete removal of all solid waste and keep the sewers 
clean. [In England many poor families, either from the diflSculty of 
obtaining water or of getting rid of it, or from the habits of nncleanli- 
ness thus handed down from father to son, use an extremely small 
amount. It would be quite incorrect to take this amount as the 
standard for the community at large, or even to fix the smallest 
quantity which will jnst suffice for moderate cleanliness. We 
^V6 proved, from special observations (made on the subject, 
that the ordinary village occupant (in Hyderabad, Deccan, India) 
does not use more than two gallons of water a day (unless the well 
is at his very door), a quantity altogether inadequate to effect the 
^feast semblimoe to domestic or personal oleanlinessO 


• From Prof. Eakkiks’s Civil Engineering, 
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689 . — How muck should he allowed for town and trade ^purposes t 

For washing streets, alleys, courts ; for extinguishing fires, to 
fountains, publio water-closets and urinals, allowance for trade in 
some manufacturing town 5 gallons ; and for exceptional manu- 
factories 5 gallons. 

640 . — How much water per head is required in a rural village 

withoxit sewers ? 

About 1 2 gallons per head, per diem. 

641 . — How much in a manufacturing town ^ 

About 35 gallons per head, per diem. 

649 . — How much in a non-manufacturing town ^ 

About 25 gallons per head, per diem. 

643 . — If 25 gallons per hecul per diem he supplied in general terms 

how would it he distributed ^ 

(a) For domestic purposes, 12 gallons. 

(h) General bath, 4 „ 

(c) Water closets, 6 ,, 

(d) irnavoidable waste, 3 „ 

644 . — Is this qiuintiiy of ivater actually necessary ^ 

It is in “ sewered” towns, for it requires this quantity to keep 
the sewers free from deposit. [In towns such as Oxford, Norwich, 
etc., where the old-fashioned privies still exist, from 10 — 12 gallons 
may be enough.] 

645 . -In apportioning the daily allowance for all purposes^ what 

srodc did the late Professor PauKES lay down ? 


Domestic supply ... 

... . . < . . 

12 gallons. 

General bath 

... ... 

4 „ 

Water closets 

... ... 

6 

Unavoidable waste 



3 „ 

25 gallons. 

Municipal purposes • 

r Street watering 
t Extingnishing fires . 

1 5 gallons* 

Trade 


35 gallons. 


The following table gives in a collected form the quantities 
Tsquired on an average for various purposes 



m 


WATER. 


[PA»T ] 

Domestic use : Gallons per head dailj; 

Drinking (besides which 20 to 30 ounces 

*^1 i \ /\.00 


is taken in bread, meat, cto.) 0*33 

Cooking 0*76 

Ablution, including sponge-bath, 2| galls. 5*00 

Share of utensil and house- washing ... 3 00 

Share of clothes-washing . . 3*00 

Water-closets... ... ... ... , 6*00 

General bath (weekly about 30 gallons) ... 4 00 

Unavoidable waste ... 3*00 


25-08 

646 . — Is this quantity absolutely needed in towns ? 

It is. [All towns with water-closets recjuire 25 gallons per head 
per diem to keep the sewers clean and free from deposit.] 

647 . — For what additional purposes is water required ^ 

Town and trade purposes : 

Washing streets, courts, etc., extinguish- 
ing fires, supplying fountains, etc., al- 
lowance for trade and for animals in 
non-mannfacturing towns (varies ; Lon- 
don has 18 gallons) ... ... ... 500 

Allowance for exceptional manufactures. 5*00 

1000 

Making a total of 35*08 

648.— Upon what data t^as (he above-mentioned quantities sli^m- 
lated ^ 

In fixing the above quantities, viz., 12 gallons per head for all 
domestic purposes except general baths and closets, 4 gallons addi- 
tional for general baths, and 6 for water-closets, endeavours have 
been made to base them upon facts, and they are probably not 
much in error. It is, however, nece.ssary to make some allowance 
for unavoidable waste within the premises and for extra supply to 
closets, and it will be a moderate estimate to allow 3 gallons daily 
per head for this purpose. This will make 25 gallons. 

amou 7 it of water is allowed im* head in the British 
Army ? 

Fifteen gallons. [No allowance is made for the wives and 
children of British soldiers.] 

660 . — Hem much water per head is usually supplied in f 

25 gallons. 
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653. < — Mow muck of ihU is used, and how much goes io waste T 

The ordinary calculations for unavoidable waste is 3 gallons. 
But there are reasons for considering that in many cases as much 
as ^rd goes to waste through leakage at joints of pipes. 

652.— FW is Sir James Rawlinson^s minimum estimate for 
manufacturing towns ? 

It is 20 gallons per head daily. 

663. — Movj much may ordinarily he allowed for cooking ijv/tposes ? 

The amount of cooking has been estimated at from half a gallon 
to a gallon daily for each person. 

654. — Jn supplying a town, what amount of toatei" should he 

aimed at? 

Fifty gallons per head per day. » 

655 — What amount does the hydraulic engineer fix as his stand- 
ard iyt estimating the demands of a town ^ 
gallons per head per diem 

666.— mu ^ is the least quantity of tea ter allowable per diem for 
each individiad ? 

If restriction in (luautity is compulsory, four gallons per diem 
is the least quantity allowable. 

657. — What is considered to he the Minimum allowance for personal 

and domestic use ? 

12 gallons. 

658. — v'hig for haths^ tcafer closets and waste, what ts con- 

sidered the minimum supply allowable in towyis ? 

About 25 gallons. 

659. — Wlmt is the least allowance tohere jicrsonal and domestic 

cleanliness is to be maintained ' 

12 gallons per head per diem. 

[It is generally estimated that from ten to fifteen gallons of 
water per head per day are required for personal and domestic use, 
five to ten gallons for municipal purposes, and a similar quantity 
for trade purposes, but all these items are liable to very wide valu- 
ation. AiK)ut twenty or thirty gallons per bead are supplied in 
most towns in Great Britain. 'Fhe average daily amount taken in 
food is about half a gallon, but at least a pint of this is contained 
in solid jfood. Half a gallon more is used in cooking. Parkes allows 
in a middle-class household six gallons per head for domestic wash- 
ing, five for ablutions including a sponge bath, six for water-closets, 
four for general baths, and three for unavoidable waste.*] 

• Whiti-kooe's Hygiene and Public Healths 
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660.— -BTotu much water is required for an ordinary hath ? 

From 18 to 20 gallons. 

IN.B, — A man weighing 12 stones occupies 3 cubic feet of space 
which is represented (approximately) by 19 gallons of water.] 

66X.— Jffou? much water is required for an ordinary full length or 
a plunge hath ^ 

From 40 to 60 gallons of water, 

662. — Calculate this cubic capacity from the fact that a man 

12 stone in weight can just float in water. 

A man in floating displaces his volume of water, and it has been 
f^lculated that a man of this weight displaces 19 gallons of water 
which has a cubic capacity of 3 cubic feet (approximately). 

663. — WJuit additional allowance is to he made vdiere water-closets 

are used ? 

An additional allowance from 4 to 0 gallons must be provided. 
Latrines require a less amount. 

664. — Discuss the question as to the a'tnountfvr water-closets. 

The common arrangements with cisterns allow any quantity of 
water to be poured down, and many engineers consider that the 
chief waste of water is owing to water-closets. In some districts, 
by attention to this point, the consumption has been greatlv re- 
duced ; in one cAse from 30 to 18, and in another from 20 to 12 gallons 
per bead. It ha.s not yet Vieen precisely determined what quantity 
should be allowed for water-closets. Small cisterns, termea water- 
waste preventers, are usually put up in towns with constant water- 
supply, which give only a certain limited amount each time the 
closet is used. The usual size now in use holds about 2 gallons ; 
but even 2 gallons are often insufficient to keep the pan and soil-pipe 
perfectly clean. This depends a good deal upon the kind of closet 
used.* The water-waste preventers must be sometimes allowed to 
fill again, and be again emptied. Considering also that some persons 
will use the closet twice daily and sometimes oftener, and that occa- 
sionally^ more w^ater must he used for thoroughly flushing the pan 
and soil-pipe, 6 gallons a day per head should probably be allowed 
lor closets. In this particular instance a false economy in the use 
of water is most undesirable. Water latnnes require less ; the 
amount is not precisely known; the experiments of the Royal En- 
gineers at Dublin ^ve an average of 5 gallons per head, but it is 
considered this might be reduced. 

666.-2/ hathSf water-closets, personal and domestic cleanliness 
are maintained, tchal quantity should he allotted f 

Twenty-five gallons per head per day. 


* ♦ Fasces’ practical BygUnSf 7th Ed. 
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666 . — How much water does the Act of Parliament allow for each 

flush of the closet ? 

Two gallons for each flash ; but this is too little to flush the 
basin and clear the traps well : and the further off the water-closet 
is from the main sewer the more water it requires. 

667 . — is the minimum amount of required in water^ 

closet cisterns, and under what conditions should its mechr 
anism operate t 

The water-supply should not be less than 2 gallons for each 
time of use ; the amount and force should be sufficient to wash 
everything through the syphon. Water-waste preventing cisterns 
only should be connected directly with the supply of water-closets ; 
the best are those that work by syphon action, one pull of the wire 
being sufficient to set it going ; the cistern should be at least 4 feet 
above the pan. 

668 . — Hole much qier head per diem should pass into each pan ^ 

Six gallons. 

009.-^ IfViai should he the least amount in each flush ? 

Two gallons. 

670 .— nitaf is the regulation quant Hg of water in each flush of the 
closet ? 

Two gallons. 

671 - — Mention a, simple means of reducing v'astefrom carelessness 

That of compelling those who use the water to pay in accordance 
with the quantity used as measured by the water metre. 

672 . — What is the great hygienic disadvantage in this method? 

That of leading to scanty use of w'ater, with all its evils, espe- 
cially amongst the poorer classes. 

673 . — How much should he allowed per patient in hospitals ? 

Forty-6 ve gallons per patient, 

674 . — IIow wotild this quantify he distrihited in hospitals ? 

Drinking, cooking, kitchen utensils 3 gallons. 

Personal washing and general baths ... ... 20 „ 

Laundry washing 5 „ 

Hospital washing, cleaning utensils, etc. 5 „ 

Water closets 12 „ 


Total... 45 gallons. 
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675 . — JTow mwh water is required to keep sewers clean f 

Twenty-five gallons per head per diem are required to keep 

ordinary well-laid sewers clean ; but extra water has to be used from 
time to time for flushing purposes. 

676 , — Does the question of quantify of available supply concern 

the sanitary office^' in a projected public water-supply f 

Not as a rule, it being out of his province, but although it is 
true that this question is one which concerns mainly the engineer, 
one of the first sanitary requirements is an abundance of wabwr and, 
as in many instances the quantity actually obtained has fallen far 
short of that anticipated, it is not out of place to emphasize the im- 
portance of the preliminary examination. 

677 iWimc some trades needing a large amount of water f 

Paper-making and gelatine-making. The manufacture of gela- 
tine uses up as much water as 10,000 persons would. 

678 . — Would the amount collecfod from roofs in England suffice for 
all purposes were it depended upon ^ 

It would not; for it has l>een estimated that the quantity which 
can be collected from the roof surface of any town in England will 
scarcely amount to 3 gallons per inhabitant daily, assuming that 
the average rainfall is 30 inches, and that house-accommodation gives 
a roof area of 60 square feet for each individual, 

679 - — What amounts are supplied in different parts of London ? 

Gallons per beatl 
of jHipulation daily. 


New River Company in London, 1879 28*7 

East London Water- Works Company, „ 34*2 

Kent „ „ ... 291 

Chelsea „ „ „ 36*5 

West Middlesex „ „ „ 26*5 

Grand Junction „ 32*9 

Southwark andYauxhall „ „ ... 40*9 

Lambeth „ „ 31*5 

Average of these eight London Districts ... 32*7 


680 .- Name some toiciis that do not need these comparatively large 
quantities ? 

Oxford and Norwich. [These towns use the old form of privies 
and not water-closets.] 

At Norwich about 14J gallons daily per head arc supplied on 
the constant system, of which 10*6 are taken for domestic purposes^ 
8 for trade, and 1 gallons for public and sanitary purposes. In 
Manchester the suppTv is also constant, and is 14 gallons per head 
fear domestic, and 7 for trade purposes. In 1878 in 15 American 
jdties the supply was on the average 55 gallons per head. 
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681 . — What u the average amount per head supplied to towns ? 

In 1857 the avera|jfe supply to fourteen English towns, of second- 
rate magnitude, was 24 gallons. The average of 72 English and 
Scotch towns, supplied on the constant system, is 134*4 gallons per 
bouse (but this includes the supply to factories, of which there were 
16,087 to 889,028 houses), or (at 5 persons to each house), 26*7 per 
bead ; of 23 towns, supplied on the intermittent system, 127 per 
bouse, 25*4 per head, including 1,367 factories to 137,414 houses ; and 
of London, also on the intermittent system, 204, or 41 per head, 
including 5,340 factories to 499,582 houses. The range in indivi- 
dual cases is, however, very great, from 25 gallons per house (5 per 
bead) in one small town to 700, at Middlesborough (140 per head). 
Mr. Bateman has stated that in the manufacturing towns of Lanca- 
shire and Yorkshire the amount was from 16 to 21 gallons, in some 
cases less.* 

eB2.— What is Professor JIa XKINE'8 e slim aie for towns ? 

The following table is g.veii by Professor RiiNKiNE : — 

Gallons pkk Day per Hbad, 

LEAST. GREATEST. AVERAOB. 


Used for domestic ]»urposes .. 

Washing streets, extinguishing fires, 

7 

15 

10 

supplying fountains 

3 

3 

3 

Allowance for trade and waste 

7 

7 

7 

Total in non-manufacturing towns ... 
Additional demand in manufacturing 

17 

25 

20 

towns ... 

10 

10 

10 

Total in manufacturing towns 

27 

35 

30 


On the whole, it may be said that not less than 30 gallons per 
bead daily should be supplied to every town. 

683 . — Qive a table of the number of gallons of water supplied daily 
per head in different places. 


London — New Eiver Company 

... 23 

„ East London ... 

... 22 

„ Chelsea 

... 33*8 

„ West Middlesex 

... 30 

„ Grand Junction 

... 34 

„ Southwark and Vauxhall 

... 21 

„ Lambeth 

... 34 

Southampton 

... 35 

Glasgow 

... 50 

Edinborgb 

... 35 


* Parebs’ Practical Hygisns^ 7tb 
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Liverpool 

30 

Shefheld 

20 

Nottingham 

17 

Derby 

14 

Norwich 

12 

Soldiers in Barracks 

15 

Palis ... 

. 31 

>^Qive instances of large supply. 


New York 

... 83 gallons. 

Rome 

... 100 

Glasgow... 

... 51 „ 


SBB.—Is ilie same quantity of ifmier tised in towns thronghout the 
year ? 

It is not ; the daily quantity used vai ies to the extent of about 
20 ^/o on the average in towns. 

686 — Does all this reach the consumer ^ 

It does not ; as a rule from J to J goes to waste. , 

687* — what 2 Kirt 8 of the vjater system does the ivaste occur ^ 

In the yjipes, at the liydrants, and in the house. 

688 * — In tohich of these is the greatest waste ^ 

In the pipes 

689.~I« there any relation between the system of the distribiUing 
area and the loss ? 

Ti^ere is ; the smaller the area the greater the waste. 

600* — How is the amount of supply usually stated ? 

In towns supplied by water companies, the usual mode of 
reckoning is to divide the total daily supply in gallons by the total 
population, and to express the amount per head per diem. 

691* — Is the amount of dcnnestic consumption of water uniform ? 

It is not ; calculations have shown that there is a ve^ percep- 
tible daily v ariation in each week, and hourly variation in the 
consamption in each day. 

699.-' WJuit quantity of water is supplied to the population of Iton* 
dort and from what sources is it derived f 

In 1884 the total population of the metropolis and snbarbs was 
reckoned at 4,944,558, and the water supplied daily by all the mht 
companies was 189305,082 gallons, or ^,483,516 cubic feet* lira 
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gives 28*3 gallons or 4| cubic feet per head. Of the total amount, 
110,000,000 gallons are from the Thames (restricted to that amount) ; 
the rest, that is, the New River, East London, and Kent, are from 
the River Lea and from wells, the quantity being unrestricted.* 

693 — How nmch v:atcr would you allow for diffm-ent aniniah f 

For horses and cows, about 6 to 10 gallons. 

For sheep and pigs, about | to 1 gallon. 

amount is allowed for an artiller7j and for a cavalry 
Itorsc ^ 

Ten and eight gallons, respectively. [From experiments 
conducted in some cavalry stables in 1866, by the Royal 
Engineers, the War Office authorities have fixed the daily supply 
for cavalry horses at 8 gallons, and for artillery horses at 
10 gallons per horse. This is to include washing horses and 
carriages. The amount seems rather small. Of course the amount 
that horses drink varies as much as in the case of men, and depends 
on food, weather, and exertion ; but if a horse is allowed free access 
to water at all times, and this should be the case, he will drink on 
an average 6*to 10 gallons, and at times more. In the month of 
October, with cool weather, a horse 16 hands high, doing 8 miles a 
day carriage work, and fed on corn and hay, was found to drink 7^ 

f allens. Another carriage horse drank nearly the same amount. 

n a stable of cavalry horses doing very little work, and at a cool 
time of the year, the amount per horse was found to be 6^ gallons. 
Taking a horse lis weighing 1,(KK) lb, avoir., this is just an ounce of 
water per lb. weight ot horse. The amount used for washing was 
3 gallons daily. 

695 . — Hliai should be the amount of water-supply in the Tropica f 
It should practically be milimited. 

696 . — What quantities of water should he procured for diff&i^ent 
ptirposes in hot countries such as Inaia ? 

In India and hot countries generally, the amounts now laid 
down would have to bo altered. Much more must be allowed for 
bathing and for washing generally, while a fresh demand would 
arise for water to cool mats, punkahs, or air-passages by evapora- 
tion. In Calcutta it was intended to 8Up])ly to Euroi)ean8 30 gallons 
per head and to natives 15 gallons daily, but the amount has been 
really much less up to the present time. 

697 *— lF7wt^ amount ia required for aick men ? 

In hospitals a much larger quantity mnst be provided, as there 
is so much more washing and bathing. From 40 to 50 gallons per 


* Pabkss* Practical Byyieaa, 7th Sd. 
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head are often need. There are no good experiments as to the items 
of the consumption, but the following is prol)ably near the truth : — 


For drinking and cooking, washing, kitchen 
and utensils. 

For personal washing and general baths ... 
For laundry washing 
Washing hospital, utensils, &c. ... 
Water-closets 


Gallons daily. 

2 to 4 
18 to 20 

5 to t 

3 to 6 
10 to 15 


38 to 51 

698* — Give the amount supplied per heod to some of the larger 
hospitals of Great Britain^ 

At Netley the amount per head per diem is put approximately 
at 56 gallons (Major Nixon, R.E.), at Haslar the quantity is the 
same. At the Cambridge Hospital, Aldersliot, the average is 160; 
Herbert Hospital, Woolwich, 89. In some of the Metropolitan hos- 
pitals there is singiilar diversity in the <|uantitios. The London 
FEospital exy^cnds 62 gallons per head per diem, but' they have a 
laundry on the premises ; St. Thomas’s (no laundry), no leas than 
99 ; St. Bartholomew’s (no laundry'), 40 gallons ; whereas at Guy’s, 
where there is a laundry, but where special cuire is taken to check 
unnecessary waste, only 20 are used. In Glasgow the amounts are ; 
Royal Infirmary, 147 gallons ; Western Infirmary, llO; Sick Chil- 
dren’s, 55; Belvidere (infectious diseases), 07, daily. At the Edin- 
burgh Royal Infirmary water is supplied free by Act of Parliament, 
and no note is taken of delivery or consumption. London hospitals 
use from 20 to 99 gallons, while Glasgow averages 147 gallons. 
(Probably there is considerable unchecked waste at many 
hospitals.) 

699 * — How much should he allowed for each patient per diemf 

For hospitals the daily amount per patient may bo estimated 
at about 40 or 60 gallons, or twice that rerjuired for healthy per- 
sons. In prisons and workhouses the quantity will vary according 
to the bathing arrangements, and whether water-clo-sets are used. 

700. — What is the cubic capacity o/ 1,000 oz, of loah r f 

One cubic foot. 

.^With regard to the water-supply how many people at the 
rate of 10 gallons per head per diem will a square mile of 
surface coUectlng one foot in depths supply ^ 

47,680 people. 



CHAP, vn.] 


PTTBUO WATBB'WOEKS. 


161 


CHAPTER vn. 

Public Water- Works. 

Introduction, Eeqvirements of a Public Water-Supply, etc. 

702 . ~ In contemplating tlie opening of a new system of public 

water-supply, tcJiat are the main points to attend to ? 

1. Whether or not the supply is permanently equal to the 
demand ; 

2. That the water at its source is pure, and that its purity can 
be maintained until it reaches the taps and hydrants ; 

The accessibility of the water at its source, but particularly 
when distributed ; and 

4. The cost of the scheme, and the c>':penses associated with its 
maintenance. 

703 . — In connection with a public supply <f icater for towns, what 

is the first point that demands attention ? 

That of estimating the quantity of water required for the town 
in gallons per diem which is obtained by fixing the amount to be 
allowed for each individual as given in the population census, 
including the quantity required for fires, fountains, washing streets, 
etc., as extras. 

704 . — What is the more important factor in estimating the ques- 

tion of quantity required for a town ^ 

The rainfall of the three driest consecutive years. 

705 — In the absence of definite information v:1uit points are to he 

considered ? 

The configuration of the country in regard to water-supply. 
[Springs at the foot of hills are permanent; in fiat districts the 
8upj)ly is doubtful, unless derived from a great depth ; in limestone 
regions springs from subterranean reservoirs are permanent; in 
chalk districts spri\ig8 are few unless below the level of the country 
generally ; similarly where sandstone obtains, but when there are 
deep wells, large reservoirs must have been tapped. Water from 
granitic and trap-rock formations is variable unless from lochs.] 

703 . — IVhnt u one of the nuitn objects served by water-worjes f 

With reference to the maintenance of the purity of water until 
it is finally distributed, one of the main objects of public water* 
works is to exclude water from the possibility of contamination by 
the various processes in constant operation, in open or exposed 
water-supplies. In the pipes (when of good construction and pro- 
perly jointed) the water is secured from pollution, 

11 
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707 - — What m'e the requireitienis of a good v^ater^supply ? 

These may be enumerated as follows : — 

1. That every person in the community should get at least 
12 Elions of water a day. The nearer the quantity is to 30 gallons^ 
the oetter. These T2 gallons should reach the taps and hydrants. 
The source of supply should be as distant an possible from human 
habitations, one situated among distant hills being very desirable. 
Any source of supply would probably be better than those in general 
use at present, shallow wells, streams and rivers. 

2. The water should be as free as possible from all organic and 
inorganic impurities ; it should be hygienieally pure at its source, 
and this purity should be maintained till the water reaches the 
ultimate distributing taps and hydrants. Tt i.s with the object of 
removing from the masses of the people the power of contaminat- 
ing the drinking-water, that we slionld endeavour to get a supply 
from a locality where no such polluting influences are in existence. 
The wells of most towns and villages, originally containing pure 
water, have, in process of time, been rendered so unwholesome as 
to be almost dangerous to use, and this i.s chiefly owing to the foul 
habits of the people. 

It is presumable that the water provided by public water- works 
is fit for use as a beverage direct from taps and hydrants, and as a 
general rule the presumption is warranted by the result of analysis 
of such waters ; sometimes however they require further purification 
by domestic filtration. On the other bund we have seen the filtrate 
from domestic filters more impure than the water from the hydrant 
itself. Hence the value of periodical analysis of hydrant and tap- 
water. The result of these analyses should be published. 

3. That the 12 gallons be available at any period of the 24 hours, 
i.e.f the supply should be constant. This is a matter of great impor- 
tance on account of the liability of stored water to contamination. 
To keep the stored water of a house cistern pure requires more care 
and attention than the ordinary inhabitant is disposed to give. 
In India this cistern w'ould probably be chiefly represented by large 
(and often foul) earthenware gurrahs, or brass,, utensils. We know' 
that water readily absorbs impurities coming into contact with it; 
but other and more dangerous sources of pollution are only too 
abundantly present as a rule. 

4. There should be no partial dependence for this supply upon 
wells. Wells, l>elonging to individual houses, whether in use or not, 
should all be closed, except in cases where the house is too remote 
from the public water-works supply. 

5. A less urgent necessity than those enumerated is, the con- 
atruction of drinking-water fountains, in various parts of a town 6r 

"municipality, to yield a drink of piiro water to the weary laborer,, 
and worn-out beast of burden. 
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6. The admiiiiatrative control over this water-supply should be 
in the hands of the local municipal authorities. It may be con- 
sidered the duty of erery local municipal body to endeavour to pro- 
vide an rt-dequate supply of pure water for the community. The 
clauses with reference to this in the various Municipal Acts are 
unefpii vocal. The process of supplying water on a large scale, can 
be mo«<t sf acton ly, efficiently and speedily carried out by muni- 
cipal corporations under the auspices of local gov'ernments. Muni- 
cipal commissioners have extensive powers, and they can levy water- 
mtu.s and collect them. The large initial outlay is the usual barrier, 
but most municipalities of any size are now in a position to borrow 
money for the purpose of constructing water-works. It should be 
remembered that such money is merely lent, and lent for a very 
praiseworthy ohject, that of providing a community with a per- 
manent supply of wholesome water. 

'The various conditions we have enumerated as necessary fora 
sLipfily of wholesome water urgently re(|iiire fulfilment in a large 
mimher of towns and municipalities in India. The vast majority 
of towns are still unprovided with a pro[>er water-supply, notwith- 
standing that in many of them all these conditions are attainable; 
and in point of fact, the number in which they cannot be complied 
with is comparatively small. We may (piote one instance, that of 
the Kurachi water-works, to show that apparently insuperable 
obstacles may be overcome in respect of water-supply. This instance 
is nil the more remarkable if w^e reinomhor that the average annual 
rainfall at that station is only about 7 inches. 

708 .- Kuamf^vule H 0 }){v of f]ie ndiufutayos of a, (jood public water* 
supply ^ 

Water has thus far proved the most effectual and ecouomical 
agent, as sanitary .scavenger, in the removal from our habitations of 
waste slops and sewage, and also the most effectual and economical 
agency in the protection of life and property from destruction by 
firt^. Capital is always wary of investment where the elements 
of safety and health are lacking, and industry dreads frequent 
failures and objectionable quality in its water-supply. 

Many of our Water-Supply Reports show annual incomes from 
water-rates in excess of the combined annual operating expenses 
and interest on the capital exjieuded. In addition to this cash 
return, there are in all cases benehts accruing to the public, usually 
^ceeding in veal value those of the more generally recognized money 
income, amongst the incidental advantages. We may mention that 
the oonatmetiem of water-works is almost sore to enhance the value of 
property along its lines, under its protection, and availing of its 
eonvemeuoea. There is, also, a perpetual reduction in the yearly 
rttes of iasuranoe. The substitution of soft- water for hard«> water, 
as almost all waters are, results in a material reduction in the daily 
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waste accompanying the preparation of foods, in laundry and 
cleansing operations, in the production of steam-power, and in many 
of the processes employed iu the useful arts. 

There are many industries, the introduction of which are of 
value to a community, that cannot be prosecuted without the use of 
tolerably pure and soft- water. To save the annual aggregrate of 
labour required to convey water from wells into and to the upper 
floors of city tenements or residences, is a matter of no incon- 
siderable importance ; but paramount to all these is the value of the 
sanitary results growing out of the maintenance of health, and the 
inducement to cleanliness of peiaon and habitation, by the conveni- 
ence of an abundance of water delivered constantly m the household, 
and the enhanced safety to human life, and to property from 
destroying flames, accompanying a liberal distribution of public fire 
liydrants under adequate pressure throughout the populous dis- 
tncts. 


700. — SliO'if' by a table of verified statistics the effect of a imre 
icaier-supply . 



1 

1 


Death-rate per thousand. 



Expenditure 



Name of Town. 

Population. 

on water* 
j .supply . 

Before intro- 
duction of 

After intro- 
d notion of 




water. 

water. 



£ 



Chester 

a9,5e9 

74,816 ' 

30 

233 

Gildersome 

4,000 

2,000 

27 

16’ 

Hall 

149,000 

215,000 

31 

16* 

Manchester 

1,000,000 

2,850,000 

83 

24-7 


7X0 . — If called upon to rej)ort on a scheme for a jtroposed v;aW- 
supply to a town of 90,000 people wnd being provided with 
the ordncmce sheets of that part of the country ^cj^plainhow 
you would do so without walking ctver the whole distrki. 

Ascertain the limit of the rain basin of the stream down to 
the points at which it was to be impounded, by levels mark^ in 
flgufes on the map. 

If the catchment area under consideration happen to form 
part of some large region, whose rainfall has been thorougUy 
Investijpited, mid in which numerous flood discharges have been 
arrived at through velocity observations and computation, scmie 
general coefiicient of drainage may have been oetermined lor 
tisat region. In that case the computation for ^flood discharge from 
lipiy portion of it can be computed oy formnlie. 
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L . — If called i^/pon to devise a scheme for water^sv/pjply to a 

lation o/ 30,000 persons^ what are the points to whi^ you 
wotUd> specially direct your attention ? 

Ascertain as nearly as possible the present expenditure and 
prospective needs. If the town is entirely sewered, the flow 
of sewage will give an idea of the expenditure of water, the amount 
of ground- water in sewers being ascertained by observations taken 
at night, when the drains are not in use. To this must be added 
water used for street watering and for fires, which will perhaps not 
enter the sewers, but flow on by natural channels and any waste 
from factories passed into streams ; allowance must be made for 
increased expenditure that will take place when dwellings hitherto 
supplied by wells are given a constant service, and a further allow- 
ance for prospective increase of population based upon calcnlation 
made from increase between the first and last preceding census or 
other mode most applicable. The rateable value of houses, the 
number of water-closets and baths in use, the cpiantity used for 
manufacturing purposes, will all be taken into account, in estimat- 
ing the quantity required. 

Possible sources of supply will next fall under consideration. 
What gathering-grounds are available, their nature and extent, 
what they will furnish, which may be estimated by gauging streams ; 
facilities afforded by the nature of the ground for forming storage- 
reservoir.s in convenient situations, amount to be deducted from 
available total to satisfy existing water-rights, etc. 

712 — Explain a'ith reference to population the subjects of gather* 
ing*g round, rainfall, and storage f 

The number of people to be supplied, and the number of 
gallons per head required being known, area of ^thering-grouud 
required will depend upon the following factors. The mean annual 
rainfall, that is, the mean fall in the driest three consecutive years 
on roconl, should be ascertained ; this will generally be about five- 
sixth of the average rainfall. A portion of the rainfall will be lost 
by evaponition and absorption. This will be much the same year by 
year, whatever the total fall, and may be equal to a fall of 10 to 
14 inches, the total fall (in England) ranging from 16 to 70 inches. 
(There are one or two exceptional places whfere the fall is consi- 
derably greater.) A further deduction from available rainfall 
capable of being stored, will have to be made on account of storage 
to compensate mill-owners and others having water-rights, iierhaps 
to the extent of one-third or one-fourth of the available total. 
Capacity of storage-reservoirs will depend upon area of catchment. 
With a catchment area large in proportion to population and with 
a fairly distributed rainfall, the necessary storage space will be less 
than in a district where there ai*e long droughts to be provided for, 
and when the catchment area small, it is essential that loss bj escape 
of water during heavy floods should be minimised by providing lar^ 
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reservoirs. Average loss by overflow of storm- water may be taken at 
about 10 per cent, of total fall and the averse pro^rtion of rainfall 
available for storage at about six-tenths of the whole. Reservoirs 
in rainy districts should contain 120 days’ supply, in dried districts 

10 <H) 

200 days' supply. Hawkosley’s formula for storage is D — -- » 

D being the number of days’ suppl}^ to be stored. F the mean 
annual rainfall f five-sixths of average). Storage capacity may vary 
from 25,000 to 50,000 cubic feet per acre of catchment area. 

713. — What is the construction of an ordinary public water- 

works ? 

An ordinary public water-works consists of the following 
A large settling reservoir in which the gross suspended impurities 
subside. From this it is passed into the filter beds. These are brick 
tanks, which, in India, are usually covered. The bottoms of these 
filters are covered wdth 4 or 5 feet of sand and coarse gravel, 
arranged from below upwards as follows : — A layer of brick or broken 
atone about fi inches or 9 inches deep, then ,6 inches of gravel, and 
lastly a layer of sand 23 fcjet. On the surface of the sand, the water 
is 3 feet deep. 

From the filter beds, the filtered w'ater flows to the service 
reservoirs (which are covered chambers to protect the water from 
sun and contamination), whence it is distributed, either by gravita- 
tion or V>y pumping, to the different parts of the town or munici- 
pality- The rate of filtration should not be ureater than 7(>0 gallons 
per square yard in the 24 hours, although this amount is often 
exceeded. In all modern public water-works, the plan of ultimate 
distribution i.s much the same — the laying of cast-iron pipes, or 
masonry channel.s (covered or uncovered) to convey the wat’ i* either 
direct to the filter bed or to a settling tank, from which latter it 
passes to the filter bed. From these beds it proceeds by mains, 
aub-mains, and service pipes to streets and houses. Attached to 
the pipes are hydrants, wa.ste-water meters, stop-cocks and other 
accessory apparatus. (Jnce the mains are laid, then those who 
wish, and can afford it, liave service pipes connecting the supply 
with their house, and, if necessary, with every room and storey of 
the house. 

714. -^ re impounding reservoirs or outfall lakes good sources of 

supiny ? 

As a rule they are, especially if the water is collected from 
district mountainous regions. 

7tB. -If called ujwn to provide a wnier-snpply to a town having a 
pop ulcUion of 20^000 pei'sons, to what points would you 
direct your attention to enable you to determine iho 
(quantity necessary f And what would be the nature of ihs 
, tnvesiigalion tohich you would make in order to determine 

the source from which you could best obtain the supply f 

To determine the quantity necessary inquiries would bo directed 
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to ascertain what would probably be wanted for present and prospec- 
tive needs under the following heads : — 

(1) For domestic use. 

(2) For trade and manufacturing purposes. 

(3) For municipal purposes. 

The quantity wanted under the first head will vary with the 
nature of the population. Occupiers of large houses will use more 
water per head for baths, washing and cleansing ; the number of 
baths and water-closets used and likely to be brought into use with 
a better supply would have to be estimated. 

The occupations of the working classes will affect the demand, 
more water for washing clothes and person will be used where 
people work at dirty trades. 

For trade purposes inquiries as to recjuiremonts must be made 
of manufacturers. Large quantities may be refijuired for gelatine 
factories, bleach works, tanneries, and breweries. In some cases 
of towns of the size named, situate near a much larger town, the local 
laundries may do a large proportion of the washing of such large 
town, and water will be wanted for this purpose. 

For municipal purposes estimate the quantity required for 
public baths, street- watering and sewer-flushing. 

The possible sources of supply are — 

(1) Water from upland moors stored in a reservoir or 

reservoirs. 

(2) Water from a deep well obtained by pumping. 

(3) Water from a stream, either drawn off by gravitation or 

pumped. 

In a scheme for providing tvater from high uncultivated lands, 
the following points have to be considered : — 

Acreage of catchment basin ; mean rainfull of three driest years 
on record ; loss by |)ercolation and evaporation and by heavy floods ; 
provision to he made for existing water-rights, as mills, «fec. 

In framing a pumping scheme the geological formation of the 
district must be inquired into. Are there water-bearing strata 
below their depth, if so, their nature, and probable yield? What 
mineral doe.s the water hold in solution, is it too hard for use, and is 
the hardness f)ermanent ’’ or is it ** temporary ” and capable of 
removal P 

Before fixing on a scheme of supply from a river, it must be 
ascertained wliether it i*eceives the sewage of towns or villages up- 
stream, whether the water is habitually or frequently dirty from 
matters hold in suspension, best points for taking the supply, etc. 

Cost of supply from two or more possible sources should be 
carefully estimated both in respect of principal outlay and the 
interest thereon and working expenses. 

The latter will be probably the heaviest in a pumping scheme, 
but the interest or cost of permanent works for a gravitation 
scheme might outweigh it. 
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In some favoured places :water may be obtained from a moun- 
tain lake or other natural reservoir. 

In seaside towns water for road-watering, sewer-flnshing, and 
baths may be advantageously obtained from the sea. 

716 > — Suppose that such data are not (tvailahh, Jiow else may the 
engineer place himself in possession of enough informa- 
tion for to proceed with his project ^ 

In many instances it is, from want of sufficient information, 
utterly impossible to obtain this perfect knowledge ; in others, the 
deficient data may be supplied by approximative deduction from 
the data of other places, so that a tolerably correct appimimate 
balance may be struck between the downfall and the amount 
evaporated, absorbed, and runoff ; in any case, however, the engineer 
may, with time and means at his disposal, gauge the streams and 
river affecting his works, and make correct records of the amount 
of water run off in them at different seasons of the year, and in 
exceptional floods. Failing, howelher, both time and opportunity, 
guch data have to 1^ observed in a rapid manner, that will enable 
him to determine this approximately ; such as the section and fall 
of the rivers, the depths at various stages, flood-marks, and a few 
velocity obsei-vations 

73 . 7 . — What are the usual methods in delivering water ^ 

By gravitation from an elevated impounding basin; elevation by 
steam or water-power to a reservoir, and from them b}’ gravitation ; 
elevation to low and high service reservoirs, and from thence flow by 
gravitation to respective districts ; and by forcing with pressure 
direct into the distribution pipes, 

718 . — Is there any other considemtum in the distribution of wafer 
of importance ^ 

There is ; the acressihiliitj of a water to the people should not be 
forgotten. A public water-supply, situated i-ny 100 yards from a 
locality, leaves its inhabitants almost in statu quo as to water-supply. 

718 .- What are the sfjecial sources of water-supplies in Indian 
towns and villages ? 

As special sources of water in Indian towns and villages we 
have: — 

(1) Wells^ superficial and deep, either public or private. 

(2) Lakes, large and small, natural ana artificial. 

(Jl) Rivers ana streams, 

(4) Ponds, ditches, effluent from irrigated land, and marsh icater, 

(5) Public water- woilcs. 

In general terms it may be stated tliat all of these waters except 
(5) are more or less impure, and that without previous boiling and 
filtration of their waters, are unfit to use for drinking purposes. All 
are subject to various forms of pollution. 
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730 . — Whobt is the maximvm demcmd of water in towns in rela* 
tion to the average demand ? 

As : 1, or two and a half times the average hourly demand 
in a day of 24 hours. 

721. — What follows from the fact that the greatest hourly demand 

for water is viore than double the average hourly demand ? 

That the main conduits supplying a town must have double the 
discharging power that would be required, supposing the demand 
were uniform. The first requisite of a supply of water is that it 
should be abundant, and sufficient in amount for any extra strain 
on its capacities. [Water ought to be laid on to every house, and to 
at least two floors of the house. Anything preventing free access 
to water, militates against cleanliness.] 

722. -ir/ia/ are the different sources of water usually available for 

town supply ^ State the advantages and disadvantages of 
each with refermce to health, and what amount per head is 
generally comldered necessary ^ 

Kivers, streams, natural springs, artificially -formed wells, and* 
impounding reservoirs or a combination of any of the former. In 
river-supply the advantages consist in its constancy, ease witb 
which it can be collected for filtration and it.s general softness ; at 
the same time this is greatly counterbalanced by its liability ta 
contamination and often costly pumping. Natural .springs are 
generally pure, and often so placed as to admit of a gravitation sup- 
ply (a great feature in a water-supply), though sometimes the water 
IS hard; their disadvantages is their liability to give out in seasons 
of drought. Artificially-fortned wells, if carried down to a good 
water-yielding strata, nie undoubtedly the most ])ure source of 
Water-supply. Of course the greatest care must be taken both in 
the construction of the well itself and in the selection of the site, as 
a well may often be formed to yield a good supply for some time. 

723* — What should hr considered an nhnndant supply of water 

This is a question which does not admit of answer from simple 
theoretical considemtioiis. We may determine with tolerable 
accuracy the amount necessary, or the average, for each family 
for household purposes, on the amount required in certain manu- 
facturing establishments for a given amount of finished product ; 
but for many purposes it is very difficult to estimate, and the item, 
of waste enters largely into the account. 

724fc.— -IFif/i. regard to the chosen sources of supply should it be 
capable if necessary of providing a much larger quantity 
of water than the ordvnary supply ? 

The chosen source must be able, on occasion, to fumisb an 
very greatly in excess of the average consumption. 
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►. — What is the best force to tise in water-supplies ? 

Gravitation. When a good and abundant supply of water can 
be gathered at a sufficient elevation, and within an accessible dis- 
tance, the essential element of continuous full-pressure delivery can 
then most certainly be secuired, and in the matter of possible safety 
the ^avitation method will usually bo superior to all others. 

The value and importance of sufficient elevation of the supply- 
ing reservoir, when the delivery is bj*^ gravity, to meet the most 
pressing neecls of the tire-ser\dce is usually one of the chief objects 
to be attained in a complete water-supply. 

726.— Jn ft perfect supply icluii force is used ? 

Gravitation only. The supply should bo at such a lieight that 
the force of gravitation alone is enough to throw sufficient water 
20 feet above the highest house. 

This only by having a sufficient number of hydrants uould do 
any good with a fire. The source of supply in gravitation works 
is the rainfall upon the gathering-gi-ound or catchment hasin, a 
tract of land more or les.s comj)letely bounded by ridge lines, 
■or more properly watershed lines. Tliis latter distinction is neces- 
sary, because the hydrographical hasin is not necessarily commen- 
surate with that traced from surfac-e contours. Valleys of denuda- 
tion on an anticlinal axis, lor instance, where permeable .strata are 
superimposed, would show from surface contours a gathering-ground 
larger than the drainage area really available for the impounding of 
water, and vice verso. In iinper\ ious or roc ky districts the case is 
simplified to one of surface observations. 

727^— What has been said nfjainst such n mode of supply ' 

The great pressure c’ausing the bursting of the reservoir has 
occurred in Sheffield, and more lately in Hughestown, Chicago, 
[With good engineering the risk from this is very small-] 

728.— a/re the U*nns used in ronnertion with the preliminary 
survey for o water-supply reservoir ^ 

Ooniour lines are c>fteri formed hy the subsidence of water in a 
lake, as in the case of the parallel roads of Glen Roy. By the use 
of these lines, we may show the trater-shed of a district on a map. 
Tlie term watershed is used to denote the slope along which the 
water flow's to form a river or lake ; and waier-parthuf, the summit 
of the slope. The summit of the Cotters wold Hills thus forms the 
water-parting between the watersheds of the Thames and Severn, 
The “ crest of the watershed,*' or “ the summit of druinagef* may i ‘ 
be used for “ the water-parting.*^^ 

What are contour lines ^ 

Contoar lines are lines of equal altitude, and are what w'ould 
T^resent the waters’ edge, supposing water to stand at the various 

♦ Whits LBO os's Hygiene and Public Health. 
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levels marked out bj the figures. [The contour lines marked out 
in the fith ordnance map are drawn at every 25 feet (vertical) of 
elevation apart, and these lines may be taken as the basin. But for 
purposes of water-supply, or drainage, contour lines require to be 
drawn closer than this ; they are usually drawn for local purposes 
every 8 or 10 feet of elevation apart. In the ordnance maps are seen 
a number of dots usually following the lines of the main roads, with 
figures upon them : these lines express in feet and decimals of a foot 
the heights of the ground at various places rnentuuied: thus, B. M. 
855'2 means that the particular spot is 355*2 feet above the ordnance 
datum, and the ordnance datum level for Great Britain is the 
level of the mean tide at Liverpool as ascertained by a series of 
observations taken by the Ordnance Survey m 1844 : it is 8 feet below 
the general mean level of the ocean around the coast of Great Britain. 
If the place indicate<i by any of these figures be visited, there will 
be found a broad arrow marked on some promment object, such as 
a milestone, or a church, or rock, etc.] 

730- Li HitrrvifitHj a catch men t area for the purpose of aupplying 
a tou'n icith tenter thr<nA(fh ptddic v'ater-tf'orks vduit are 
necessary ^ 

A plan is necessary showing by means of contour lines, tlie undu- 
lations and general slopes of the ground. 

731.— M7m/ are ridge linen ^ 

They are water-shed lines, or lines which along the whole of their 
course, are higher than the ground jmmediately on each side, 
hence the ground slopes downwards from them at both sides. 

732 What is a catchment area t 

A catchment area, drainage or gathering-ground or catchment 
basiu, is a district enclosed by a ridge line which line is continuous 
except whore the water finds an outlet. The ridge line usually gives 
off branch ridge lines thus iiroducing s<H*ondary or subsidiary catch- 
ment areas, eiu h drained by its own stream into the main stream. 
[The details connected with such «n area are obtained from a series 
of levels, and the drawing of contour lines as above described.] 

If linos be drawn through the sourccN of the tributaries of rivers 
marked on a map, they will be found to form the boundaries of 
certain areas which are called the catchment basins of various 
rivers ; that is, the areas which receive the rainfall supplying their 
waters. In compact formations, where most of the rain runs off the 
•uHace, the ridge linos bounding these basins usually pass along the 
most elevated regions, hut in porous formations their course will 
depend on the configuration of tlie relative sub-stratum. 

733.- 117m/ ehe h to he known in regard to geographical and geolo- 
gicfil k notcledge of catchment areas f 

A geographical and geological knowletlge of the catchment 
4irea, whose rainfall affects the works, is also needful, the bounda- 
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rie8 of this are% its lines of water-shed and drainage, its dispo* 
sition as regards prevailing winds, the nature and porosity of its 
soil, and the amount of vegetation or cultivation on it, as well as 
any available records from which the quantities of water actually 
run off by its streams and river in various seasons may be arrived 
At, are all data necessary for establishing satisfactorily a perfect 
knowledge of the disposal of the whole of the rainfall unaer any 
circumstances. 

u—By ii'Jiat fonnida may we get an approximation of the quarv 
tity of water from a catchment area ^ 

By the formula 

Q= 62*15 A (4 R— E). 

Where Q«= the supply in gallons daily. 

A« the catchment area in acres. 

R« the annual rainfall in inches. 

E== the loss from evaporation in inches. 

73S.— inat iV meant hy fj^^reUing ^ 

It is that branch of Surveying which determines the inei|Ualiti6s 
of the earth’s surface, and ascertains the relative heights of places 
above a certain line ( ailed the tiatam line, from the centre of the 
earth. (See answer No. 7^11 ) 

730 .- IHk// may he assumed as h* downpour !f the catchment area 
Is not large '' 

If the catchment area ife not very large, that is, not exceeding 
400 square miles, or 100 6(}uare leagues, it may sometimes bo as- 
sumed that the whole of it is simultaneously subject to the same 
amount of maximum downpour, and that the loss hy absorption and 
evaporation is also tolerably uniform over the whole. If then some 
trustworthy data for this loss should be available, the flood dis- 
charge can be computed. 

737. -The catchment area of a water-supply district being 10 acres 
and ih/* annmil rainfall OO incties^ hut after deduction of 
14 inches for loss hy evaporation^ absorption^ eic.y we have 
a depth of water equal to 16 inches, available for do- 
mestic purposes, hov? much water does the whole area 
yield in one year, and how 'tnany persons would this pro- 
vide for, allowing 2h gallons pm’ day for each ? 

One square acre is equal to 4,840 square yards, and there- 
fore 10 acres equal to 48,400 square yards. This multiplied by 
9 and then by 144 gives the superficial capacity of the reservoir as 
62,726,400 square inches. To reduce this to cubic conteuts 
multiply by toe depth, 16 inches, which gives 1,003,622,416 cubic 
inches. To bring cubic inches to gallons, multiply by 40 and divide 
^or multiply at once hj *003607. Therefore, 1,003,622,416 
gallons is the quantity of water yielded 
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ill one year. The other method gives 3,620,065. [These are the 
iormulas given in Pabres* “ Practical Hygiene'^ 5th edition, note to 
page 8 ; but a handier method would be to multiply the square feet 
oy (equal to 16 inches) and the product l>y 6|, being the number of 
cubic feet in a gallon. This gives 1,630,000 gallons. Another 
method, which gives a still closer approximate, is to multiply the 
cubic feet by ‘52, which gives 3,624,192 gallons.] 

To ascertain how many persons this would provide for. allow- 
ing 25 gallons per day for each. 3,619,592 -f- 365 -f- 25 =* 397 
persons. 

738 . — •What are the most advantageous gathering -grounds ? 

Mountain districts of clay -slate and gi*anite form the most ad- 
Tantageous gathering-grounds, but in these cases the water gener- 
ally has to pass throuj^i portions of peaty or boggy ground before 
it reaches the reservoir, and although the water may not be un- 
wholesome in its natural state, it undoubtedly does become so when 
stored or allowed to stagnate in tanks or reservoirs ; and such water 
has a disagreeable colour, and one that is difficult to remove. 

730 . — Expldin with refereiKr to noimlation, the subjects of (1) 
gathering -ground nt infill, and storage ; and (2), describe 
the relation exisnag in a sewer between gradient, volume, 
velocity, and size. 

(1) Water-supply. — Number of population x gallons per head 
per day X number of dn^ .s’ supply to be stored X 6*24 = capacity of 
reservoir in cubic feet, allowance l>eing made for percolation and 
evaporation. 

Rainfall over a given area during the driest years, less loss by 
percolation and evaporation in transit to reservoir, and deducting 
an allowance for existing water-rights and another for unavoidable 
loss by overflow during storms, gives nett quantity to be counted on 
as available for storage from given unit of area of gathering-ground. 
Every one of these factors varies widely with circurastauces. 

(2) Sewerage . — 

Let V«» velocity in feet per minute. 

H«*»hydraulio mean depth. 

Volume or area o f cross-s ectio n of stream in ft. 

^ Length of bed of stream. 

Ffissgradient or fall of stream in fall in feet per mile. 

Then 

V*««5S> \/HF or V «55*HF (squaring both sides of 
equation) ; 


Transposing factors— 

H-.y.*- and F— 


V» 


Assume, or take from actual practice numerical values in place 
of any two of the three symbols V F H, and olbtain the third by 
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arithmetical calculation. [Work this out with variation in a few 
cases, backwards and forwards, to obtain a thorough grasp of the 
subject, and to understand that what is true generally, as stated by 
symbols, applies special!}' in any given case.*] 

740. '~r;>on tf^hat does the amount of rain that can he utilised for 

supply depend ? 

As all water-supply comes either directly or indirectly from the- 
rain, the amount of rain which can be utilised for the supply of a 
town, depends upon the rainfall and the catchment area. 

741. — Mention an excellent water-supply from a natural fake. 

That of Glasgow from 34 miles to the north of the city. It 

contains only grains of matter per gallon, of which about 
one-half is organic (peat), the rest being mineral. It has a faint 
yellow colour- 

742- -THm/ ml ‘'an f aye has this heeu to the city o f Ghisyoto ^ 

Established in 1859, it replaced the foul water-supply from the 

river Clyde. It increa.sed the health of the people, and caused a great 
saving of money in manufactures and industries from the fact of 
there Ijeing but one grain of mineral matter per gallon instead of 
seveml. The saving in soap alone has been £36,<HX) per annum. 

743- -/)/ sciuts the question <>/ permanency of supply. 

It ih obvious that the permanence of the supply of a spring or 
email stream may often b(' of the greatest moment in the case of an 
encampment, or in the establishment of a permanent station. 

In the first jilfiu e, evidence should, when available, be obtained. 
If no evidence can l>e got, and if the amount and period of rain l>e 
not known, it is almost impossible to arrive at any safe conclusion. 
The country which forme the gathering-ground for the springe or 
river should be considered. If there lie an extensive background 
of hills, the springs towards the foot of the hills will probably be 
permanent. In a flat country the [lermanency is doubtful, unless 
there be some evidence from the temperature of the spring that the 
water comes from some depth. In limestone regions springs are 
often fed from subterranean reseryoirs, claused by the gradual solu- 
tion of the rocks by tbe water cliarged with carbonic acid ; and such 
springs are very permanent. In the chalk districts there are few 
springs or streams, on account of the porosity of the soil, unless at 
the point the level be considerably below that of the country gener- 
ally. The same may be said of the sandstone formations, both old 
and new ; but deep wells in the sandstone often yield largely, as the 
permeable rocks form a vast reservoir. In the granitic and trap 
districts small streams are liable to great variations, unless fed from 
lakes ; springs are more permanent when they exist, being perhaps 
led from large collections or loohs.t 


* Sankarv Htoord, 1888 . 
t PASKsr PraeHcdl JiygUHSf 7tfa Bd. 




PUBLIC WATBR-WOKKS. 


17 ^ 


CHAP, vir.] 

What 'precaution is necessary in regard to the introduction 
of a public water-supply from regions possessing metallic 
mines, and from certain mountainons districts? 

The water of certain metallic and mountainous districts, espe- 
cially where metals abound, sliould be carefully searched for metals 
if it is intended to use the water for a public water- works, for filtra- 
tion does not completely remove metals, as it may do, if thoroughly 
efficient in the case of organic matter and salts. 

745 . — State hrhfly the qualities desirable in a supply of water for 
a rounnimity. 

The conclusions thus far reached are that a suitable source of 
suj)ply should furnish water which is abundant in quantity; the 
water should be colorless and clear, ce.. free from all turbidity ; it 
should be soft and contain not too large an amount of mineral matter 
in solution ; it should contain no excremental or other animal matter; 
and it should he so situated as to make it possible to protect it from 
dehlement in the future. Moreover, while the imagination as well 
as the reason is to be consulted in the choice of a supply, an extra- 
vagant outlay is not justified when called for by extravagant 
demands for excellence. 

746 . — What is meant by doable supply ^ 

In view of the difliculty Inch sometimes exists, of obtaining 
from a single source a sufficiently abundant sujiply of good water to 
meet all the wants of a large community, it has often been proposed 
to adopt a system of doidde supply, i.e , to furnish water of two 
qualities. It is true that for many puiqioses, as for extinguishing 
nres and for sprinkling streets, for closets, di*ains and sewers a water 
would answer which would not be suitable for drinking, and such a 
supply might in many case.^ he easily procured, while to procure an 
abundance of water well* suited for drinking would involve a large 
outlay. To the double stem there is no objection, if the poorer 
water can he drawn only from street-hydrants, which are under 
municipal control ; but it is not practicable to supply two sorts of 
water to private dwellings, with any security that the distinction 
between them will be regarded; no domestic, an^^ indeed no average 
inhabitant, will fail to use for all purposes that wdter which is most 
handily obtained, unless, indeed, it bo actually repulsive to the taste. 
In the case of large cities, it is seldom that a single source of sufifi- 
cient size can be found, and it becomes a question to be settled by 
local considerations whether, each portion of the supply shall be 
distributed to a different section of the city, or whether the water 
from all sources shall be united in a common reservoir or reservoirs, 
and distributed therefrom. 

So long as the impure supply is under control, and is limited to 
public and trade purnoses, no objections can be raised, except on the 
score of the cost of distributing a double supply. But for house- 



176 


WATEE, 


[PAET i, 


hold usoa double supply must be deprecated. In a house the supply 
which is most copious and easily accessible will generally be used 
by preference, except the impure supply be foul to the senses. 
Common household experience shows that servants, even of the 
better class, will, when two taps are side by side, draw water from 
that which delivers water most freely (generally that from a cistern, 
where one tap delivers from the main and the other from a cistern). 
In this respect the majority of people cannot be trusted to make a 
choice. A double supply for household use ought not to be a<lopt- 
ed, except for very cogent reasons. 

^ suggestion has arisen out of this circutmiance ? 

A double supply was proposed from London in 1878 by the 
Metropolitan Board of Works — the permanent river-supply for gen- 
eral purposes, and a deep chalk water-supply for drinking purposes. 

748.~ir;iy did such a scheme fall through f 

Increase of the expenses of a double source of supply, and 
the danger that the impure water would through carelessness or 
ignorance, be often used for drinking purposes when it haj)pcncd to 
be nearest at hand. 

it easier or more diffirult to manage a projn^r r^ater-suoply 
in a rural district than in a town f 

Itural sanitary districts contain many aggregations of pofiu- 
lation of 2,000, 3,000, and 5,0C^ ; and it is these places which are the 
most difficult to deal with in respect of the water-supply. Take, 
for instance, one parish of, say 4,000 population, in a doxeu parishes 
constituting the rural sanitary district of, say 20,000 or 30,000 
population, living on about as many acres of ground; three-fourths 
of the population of the parish may be congregated on 100 acres, the 
other thousand being distributed in something like the following 
manner ; — 100 at A, 200 at B, ^KK) at C, and 4CK) at D. Now, leaving 
out of the question how three-fourths of the population of the parish 
maybe supplied, those designated A, B, C, ana D, will probably all 
procure water for domestic purposes from sources liable to con- 
tamination from passing persons and animals, whether accidental 
or wilful. But supposing a satisfactory water-supply to be arranged 
for the main portion (say the 3,060) of the population, it would pro- 
bably not pay, at the current water-rate, to supply the small outlying 
places — the other fourth ; although, living within the same sani- 
tary district, they may very properly say they have the right to be 
suppli^ equally with those wno five more centrally in the same 
district, providing they are willing to pay the cun^ent water-rate on 
the value of the house. But if the sanitary authority must include 
these outside people, the water-rate upon thoso more centmllv 
eituated must be increased, so that an average late may be stiruoic 
lor the whole district. It is therefore advisable to protect and 
smid^ as useful as possible ail the small sources of water in the 
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outlying parts so that the inhabitants may procure, in a tolei*ably 
pure state, whatever quantity these small sources yield. 

750--“J» projecting artesiamcelh for ioimi-mpply is it important 
to know the geological character of the locality ictiere the 
hovDig is to he made f 

It is most important to ascertain this and, as far as possi- 
ble, the source ot the water. Indeed, without a knowledge of the 
probable <’hara(*ter of the particular locality, sinking an artesian 
well is like iij vesting in a lottery, and hardly justifiable as a 
municipal undertaking. It is true that many wells are sunk without 
the advice of competent authority, and some of them are successful; 
as a rule, however, they end in failure. The instance of the St. Louis 
uell where 810,000 dollars were sunk in the well, is instructive in 
this connection. 

751 . — we Imre a irelL tn which the water rises Just to the 
surf are of the ground^ hut does not overjUai\and that 7^100 
gallons per mtnuie he pxinijted regularly, henv much is the 
waterdevel lowered ? 

A distance ot live feet. 

752- -ir/mf arc the sourres of piddie irate r-supphj ^ In addition to 

deep welts, from wluit sources may irate r-i» orks on an erten’ 
sire scale ohfain their supply f 

From lakes, .streams, rivers, or gathering- grounds. [If from a 
lake of sufficient elevation above the level of the town to be supplied, 
the water may lie distributed throughout the town in conduits and 
pipes by the force of gravity' When the source of supply is a 
stream or hiiiall river .storage works arc necessary ; but when the 
river is large, a constant supply can be obtained at all times, inde- 
pendently of storage. In this ease the works retjuired usually com- 
prise — a W'eir or ibini for maintaining part of the river at a nearly 
constant level • two or more settling jKmds, into which the water is 
conducted : filtering a])paratus, ami pumping engines.] 

753- - What are sourres of Tsmdon water-supply ? 

Thames, New River, river Lea, river Ravensbourn, deep wells, 
and shallow wells. 

754 .- IVhat is the most farorahle situation for a gather ing^well or 
gallery ? 

In the neighbourhood ob a river (or lake), for two reasons : first, 
liecAuse at such a place there is almost certain to l>e a decid- 
ed movoTuent of tne gi’ound- water toward the stream, and, 
in the second place, the water from the river can make up any defi- 
ciency caused by removal of the ground-water, by filtering through 
the bank and bed of the river, xor these reasons, the locality most 
oommonlychosen is on the bank of a running stream in a deposit of 
gravel, simplest form of collecting works is the open basin; 

12 
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but in an open basin the water is exposed to the direct rays of the 
snn, and, in summer, becomes heated above its natural temperature. 

^BB^—Name anoUmr vtieihod of utilizing the grmmd-water? 

That of constructing a covered galleiy which shall permit the 
percolation of water into it and from which the water can flow to 
the pump-well ; for, as is indeed ordinarily the case, when supply is 
Udcen from rivers, pumpuig-works are almost always a necessary 
part of such a scheme. Sometimes the collecting galleries or pipes 
are, as in the instance just mentioned, placed aetiAlly beneatn the 
bed of a river or pond. 

“The water is obtained from a gravel or sand bed which lies 
within the bed of the river when the water is high, although not 
covered with water for the greater part of the year. In tliis gravel- 
bed a trench of ‘250 feet long was dug of such depth as to bring the 
bottom of it as low as, or lower than, the bottom of the river at its 
deepest part, and of 6 feet or more in width. The trench w'as then 
filled to the depth of a foot with stones of various sizes, from small 
cobble to coarsest gravel stones, making the surface as even as {X)8- 
sible, though with a slight grade down-stream. 

“ On this foundation a line of timbers 6 by 6 inches is laid on 
each side of the trench, 4 feet apart. Across these are placed and 
firmly nailed on, 3 feet apart, square frames 4 feet wide by d feet 
high, made of timber 6 by 6 inches, each frame strengthened in the 
centre by a standard z| by 6 inches from the top to the bottom. 
The top and two sides of this row of frames are covered with hem- 
lock plank *2^ inches thick, and thus a filtering-gallery 250 feet 
long, 3 feet high, and 4 feet wide, is made.*' 

On the outside of this gallery, at the bottom, a filling of 8 inches 
of excelsior is lightly tamped down, and then the trench is filled up 
with the gravel, and the filter is complete. From this filter 600 
gallons per minute of the clearest water are obtained. The filtra- 
tion is upward and through the stone bottom ! the galJerv is kept 
fnll in low water by taking ivater through canals over the filter from 
a point m the river above. 

[Another method of collecting the ground-work consists in em- 
ploying, instead of such a gallery as has been described, a line of iron 
pipes, i.e., practically water-mains, cast with a great number of 
narrow longitudinal slits, and laid with loose joints. These pipes 
collect the water, and conduct it to receiving- wells, from whion the 
supply is pumped. In filling the trench in which the pipes are laid, 
the pipes are surrounded on all sides with coarse material of too 
lia*ge a size to fall into or through the slits, and the trench is then 
with screened material of decreasing size. The figure (Pig, 
12) will give some idea of this method. A less elaborate mode of 
implying the same principle consists in substituting for tbe iron 
ordinal^ cement or other unglazed drain-pipes, laid loosdy* 
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At Arlin^n. Mass., Buch an arrangement is in operation, the pipes 
being laid in the gravelly bed of an artificial reservoir, made by 
damming a small brook.] 

756. — WTiy is this source called grouud-water and not a method of 

natural filtration ? 

In the first place, the general facts with reference to the 
ground-water which have been stated, as well as others (already 
mentioned) lead to this conclusion ; in the second place, the tempera- 
ture of the water in the well or gallery differs from that in the river, 
being higher in winter and lower in summer, and varying within 
narrow limits, unless the water is received in an open basin and 
exposed in a comparatively shallow surface to the atmosphere ; in 
the third place, the water in the well generally differs in a marked 
degree in the character or amount of the dissolved substances. 

757. — Tr/ia< is the first consideration of a good water-supply ^ 

Efficiency. This necessary condition is common to all classes of 
machines and is of primary importance in all. Until very recently, 
pumps have been from this point of view, the most unsatisfactory 
of mechanical appliances. It has been stated on good authority that 
previous to the International Exhibition of 18*57, no pump ever 
attained an efficiency of 40 per cent., and that many returned no 
more than 10 per cent, of the force expended in water raised. Since 
that time, however, the attention of Engineers has been directed to 
the subject, and such improvement of design and construction have 
been effected that this enormous loss of power has been reduced, in 
average cases, by at least one-half. So far this is a very satisfac- 
tory result. But there yet remains rauoli to be done before that 
degree of perfection is reached to which other kinds of machinery 
have been carried. The large proportion of the motive power 
absorbed by the organs of transmission and the loss of water through 
the valves still leave much to be desired. 

In determining what is due efficiency regard must be had to the 
character of the work and also to the conditions under which it is 
performed. A pump for draining a mine for instance may return in 
water raised 10 per cent, less than auotho 4 : pump applied to the 
draining of a surface, and yet the former may be a more satisfactory 
machine than the latter. Thus, due efficiency must be considered 
relatively, not absolutely. 

758. -~Jn framing a pumping scheme of water-supply what points 

have to be cofisidered ^ 

In framing a pumping scheme the geological formation of the 
district must be inquired into. Are their water-bearing strata below, 
if so, their depth, nature, and probable yield P What minerals does 
the water hold in solution, is it too hard for use, and is the hardness 

permanent,” or is it ” temporary ” and capable of removal? 
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Before fixing on a scheme of supply from a river, it must be 
asoertained whether it receives the sewage of towns or villages up- 
stream ; whether the water is habitually or frequently dirty from 
matters held in suspeiisiou, best point for taking the supply, etc. 

Cost of supply from two or more possible sources would be 
carefully estimated both in respect of principal outlay and the 
interest thereon, and working e^^penses. 

The latter will be probably the heaviest in a pumping scheme, 
but the interest or cost of permanent works for a gravitation scheme 
might outweigh it. 

759 - — A small district in the country, composed of 20 colliers 

hoxtses, is without proper ivater-supply. What steps can 
he tahen under the Ihihlic Htialth Act in order to obtain a 
supply ? Mhai are the duties of the local authority in such 
circumstances ( 1 ) as to discharging their own responsi’ 
hilities, and (2) cis to compelling .the oinier to adopt 
certain measures ^ 

The 89th Section of the Public Health Act provides that 
upon requisition to that effect made by not fewer than ten in- 
habitants of the district, whether rate- payers or not, the local 
authority shall be bound to meet, after 21 clear days’ notice, and 
consider the propriety of forming part of their district into a special 
water-supply district, and the resolution of the local authority shall 
be published in the newspajiers. It is competent for any person 
within 10 days to appeal to the sheriff, who is authorised to deter- 
mine the question and define the limits of the district if necessary. 

After a water-supply has been jirovidod in a district the local 
authority can compel owners to provide the same to any house 
within the district which is without a proper supply of water at or 
near the same. The question of distance from the house in case of 
dispute is one for the sheriff to decide 

760 - — WTiat oOver works of public benefit should he associated with 


Public baths which should be erected and freely supplied with 
water, which should, if possible, be kept constantly flowing in and 
out. 

7B1.-What should the plan of disinbution of water include / 

The plans for the distribution of water should include arrange- 
ments for the easy and immediate removal of dirty water. This is 
im essential point, for in many towns where houses are not property 
KTtanged for sm^l families, there are no means of getting rid of 
water from the upper rooms, and this inconvenience actually Hmits 
tbo use of water, even when its supply is ample. 
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7631 . — What points may he adduced in favour of the total abolish- 
ment of wells when a better water-supply is availahle f 

(1) In drawing water from wells, there is great expenditure of 
time and labour, in oonse<|uence of which 

(2) an insufficiency will be drawn and used, and as a secondary 
result, there is bound to be 

(3) defective domestic cleanliness with all its acicompanying 
evils. There appears to be a fixed ruling on the part of the people, 
that the quantity of water used decreases as the labour expended in 
procuring it increases ; and conversely where facilities for providing 
it are great, the consumption is large. 

[We have proved, from special observations made on the subject, 
that the ordinary hustee occupant does not use more than two 
gallons of water a day (unless the well is at his very door), a quan- 
tity altogether inadequate to effect the least semblance to domestic 
or personal cleanliness. 

Let us attempt to put the matter a little more clearly. To 
enable perfect cleanliness to be carried out in a household with the 
average number (about six) of people in it, each person requires 
about 12 gallons per day, that is, 72 gallons has to be daily conveyed 
to the house. Say the average distance of the well is 50 yards (many 
are 200 or 300 yards off; and the depth of the well 30 feet. 

One gallon of water weighs 10 lbs. ; 72 gallons, 720 lbs., which 
raised 30 feeta=»21 ,300 lbs. ^rho same carried 60 yards or 150 
feet=108,000 lbs., or about 48 foot tons, in all, there being about 60 
foot tons of labour expended. Modern })ublic water-works aim at 
altering this by providing water at the doors of the inhabitants.] 

763.-~Jn order to secure an adequate supply (f ptire rain-water for 
domestic purposes, at dairy farms and country residences ^ 
what nwihods of collection^ storage, etc,, would you recom- 
mend> ? 

As to the methods of collection there are two simple methods; 
(1) that of the eave.s, gutters, and conductors leading to concrete 
reservoirs clear of the building, and in a position not near drains, 
dung-heaps, or other impurities. The eaves, gutters and conduct- 
ing pipes arc too often formed of iron. The softeness, however, of 
rain-water has the effect of dissolving these metals, and lead and 
iron are therefore obmctionable, if not dangerous. The jointing of 
conductors, eaves and gutters should be so formed that all the water 
be collected, they should also ho clear of all sewers, drains, etc. 
The water should p-iss through sand and charcoal filters in order to 
remove the suspended and organic matter. The first part of the 
rainfall should be allowed to run to the drain. (2) Shallow reser- 
voirs constructed some distance from the house, and formed of 
oonorete, have also been recommended by sanitary engineers, as 
obviating the roof impurities of the houses. They shonld be fenced 
in from cattle or other animals. Concrete tanks should be aerated, 



WATIS. 


[fA«T r,. 


riodioally cleansed, and be provided wHh a man-bole and sludge- 

5k [One inch of rain delivers 4*673 gallons on every square yard, 

22,617 gallons, weighing 101 tons on each square acre J 

TMk.-A town requires 30,000 gallons of water a dag. W7iat should 
be the size of the reservoirs to contain a three days* 
supply f 

30.0OO ^ . 

6 iS-rgallons iiTa^ cubii (approxi- 

mately), which is the amount required daily, and which multiplied 
by 3, equals the amount of a three days* supply, and therefore the 
]peqtiiaite availahle capacity of the reservoirs. 

fSB. — To what is the Chemical Examination of a gron'nd-water 
proposed for town-supply , mainly directed ? 

To ascertaining the organic matter or to the evidence of previous 
pollution, but does not differ essentially from that followed out in 
the case of shallow wells It should be accompanied by an 
examination of the stream or pond, if the water is to be taken in 
the neighbourhood of a visible body of water, although, as wo have 
seen, it is generally the case that the stream contributes a relatively 
small volume of the supply. 

766 . — Is the Thames likely to ever fail in giving a sufficient supply 

of water to London ? 

The opinion expressed by the Royal Commission that investi- 
gated this question is as follows : — 

That the river Thames, supplemented if nece.ssary by works for 
storing the flood waters, together with the river Lea and the water 
obtainable from the chalk from the south and south-east of 
London, as well, probably, from the lower Greensand, will furnish a 
supply sufficient for any probable increase of the Metropolitan 
population. That a probable increase of population to 4,5b<),000 or 
5,600, ^'00, may have to he provided for. 

767 . ~R7wi/ is a Store Jteserrnir and what are the purposes it 


A store reservoir is a place for .storing water, by retaining the 
excess of rainfall in times of flood, and letting it off by degrees in 
times of drought. They are used for one or more of the following 
purposes : — 

To prevent damage by floods to the country below the reservoir; 
to prevent ^he evil consequences of droughts ; to increase the ordi- 
nal or avaa table flow of a stream by adding to it the whole or part 
ol tne flood water ; to enable water to be diverted from a stream 
diminishing the average monsoon flow ; and to allow 
tpieiduinical impurities to settle. 
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70S . — Define what is meant by cm impounding reservoir ? 

It is a reservoir of water formed by constructing a dam acrost 
a valley through which a stream runs, thus creating an artificial 
lake. 

769. — Name such a reservoir^ in existence ? 

That at the Moorfoot Hills near Edinburgh. 

770. _Tr;^^/. 

is usually ike best site for a reserroir ? 

Where there is an embankment thrown across a narrow gorge : 
this will usually embank a large basin. 

771 /n regard to the size of tlie reservoir what general principle 
may he laid down ? 

It can scarcely be too large, for the larger it is the longer the 
time during which repairs may be carried on without interrupting 
the service ; its capacity will be determined by the facilities which 
we have for its construction and the fluctuations to which the supply 
is liable, and we have to determine upon a minimum. The same 
may also he said of the height and the depth ; the overflow cannot 
be too higli, nor the bottom too low. The height will be limited 
either by the level of the source or the power of the engine, and the 
depth must be such that it will still be able to supply the highest 
orifices when the w’ater has descended nearly to the bottom. 

'rhe reservoir itself is generally a natural hollow, situated in 
the valley-line of the catchment basin, and of .sufficient elevation 
to procure a fall, so that the water can he distributed without 
mechanical means being required to raise it. 

In India the stomge tank should be largo enough to contain 
a T2 months’ supply ; and the site which can supply the requisite 
storage-room with the least embankment and the least area laid 
under water is to he preferred. 

Loeh Katrine is a natural reservoir or lake, and Lake Thirlmere, 
from which Manchester receives its new water-supply, is also a 
Bimilnr lake, which is to bo increased in capacity, and its level raised 
fifty feet, by a data built across one end of it. The natural outlet 
of Lake Thirlmere is to the north, hue the water for Manchester ia 
to be obtained by tapping the southern end of the lake, and drawing 
off the nocossary quantity of w^ater by means of a tunnel through 
Kirkdale Pass. [As a rule they are constructed either by excavation 
or embanking, the simplest plan being to carry an embankment 
across a valley. A lining on concrete or clay puddle may be needed 
to render them water-tight. The embankments, necessarily of ^eat 
strength, have a core of clay puddle and are protected from aisin- 
tegration by a covering of grass on the outer side and dressed stone 
on the inner.] 

779- Mow may we determine the site of a resei^voir ? 

By observing the features of the ground, and the elevation. It 
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must be high enough to distribute the water when nearly empty, 
and low enough to allow of a sufficient gathering- ground above its 
highest level. (See next No.) 

773,— What are the points to he considered in selecting sites for 
reservoir ? 

In choosing the site of a reservoir, the engineer has chiefly 
three things to consider : the elevation of the site, the configura- 
tion of the surrounding country, and the materials for the work, 
especially those materials which will form the foundations of the 
embankment, or embankments, by which the water is to be retained. 

The elevation of the site must at once be so high, that from 
the lowest water-level there shall be sufficient fall for the pipes, 
conduits, or other channels hy which the water is to be discharged 
to reach the highest point over which the water has to be conveyed, 
and at the same time so low that there shall be a sufficient gather- 
hag-^round above the highest water-level. 

The aniJUjuratUm of the ground is of great i moor tan ce. That 
best suited for a reservoir site is that in which a large basin can be 
enclosed by embanking across a narrow gorge. To enable the 
engineer to compare such sites with each other, and to calculate 
their capacities, plans with frequent contour lines are very useful, 
or in the absence of contour lines, numerous cross sections of the 
valleys. Of course the water’s edge of a reservoir would jtself l>e a 
contour line. 

As these large artificial reservoirs are geiiemlly made on the 
natural surface of the ground, and hounded in one direction onl}" by 
an embankment of earth or a dam of masonry or brickwork, the 
first object is to choose a site or sites where the greatest aim Mint of 
water can be stored with the shortest and least amount and length 
of emV>ankment ; for this purpose a river gorge, narrow and precipi- 
tous, terminating a great length of country, having a gradual fall 
towards it, offers the best ordinary natural conditions ; if in addi- 
tion, the lateral or transverse slope of the country is also very 
gradual, it becomes a large natural basin, with one narrow outlet, 
and if this admits of being easily dammed, an extraordiimi*y ad- 
vantage not often available presents itself. 

Much care is necessary in selecting ground for the construction 
of a tank for drinking-water. The interior of towns and villages 
is to be avoided, for the soil of such places lias been impregnated with 
the impurities resulting from the percolation of filtri and drainage 
for years. “ Made soiP* is likewise specially objectionable as a site 
for a tank. The vicinity of all filthy pools and ponds is also to bo 
avoided, for they will feed the tank through the medium of the 
•nbsoih This may of course be prevented by having a thoroughly 
well rammed puddle liottom, and constructing an embankment, the 
OOre of which should be puddled. All this however, increases the 
initial expense, and a puddled bottom is not always effectual in pre* 
VOnttng {^rcolation from the subsoil. The inside of the embankment 



PUBLIC WATEB-WOEKS. 


186 


CHAP* VII.] 


of tanks should be constructed of masonry, and the outer face 
turfed » No trees or shrubs should be allowed to grow on the 
embankment, for the roots sink into, and spilt up the core, causing 
leakage and the formation of rat holes. A new tank should always 
be dug in new ground, and any foul ponds, cesspits, or superficial 
wells close by should be filled with earth. The earth dug from the 
tank will be valuable for this purpose. Tanks are fed by natural 
water channels leading to them, by specially constructed channels 
from impounding reservoirs or by similar channels without such 
reservoirs. In some cases tanks form the catchment basin of a 
large area of ground, specially prepared or not, to receive the water. 

774k. — After choosing n site for a reservoir, what is the first point to 
attend to ? 

The determination of its storage capacity up to different pro- 
posed levels of escape. For this purpose, marks are fixed at differ- 
ences of level of about 5 or 10 feet, on any convenient short line 
of section, and the contouis of these levels are marked out and 
surveyed around the basin, in order to obtain the perimeters 
and areas at each contour, from these the c-ontents of each 
lamina can be calculated, and the content up to any other 
contour. If however it be preferred to obtain this by means 
of a aeries of longitudinal and transverse sections taken up to the 
heights of the various contour levels, it is perhaps best to direct the 
former in conformity with the axis or axes of figure of the basin, 
and the transverse sections at right angles to them, and as far as 
possible at etpial distances along them, although in some instances, 
unecpial distances and inclined directions, more suited to the form 
and disposition of the ground, would give more correct results, the 
true values of the corresponding rectangular transverse sections 
can then be obtained from the oblique sectional areas by multiply- 
ing them by the co-sines of their angles of obliquity. Should a 
winding river channel or depression form part of the basin, it is 
often more convenient and correct to estimate its content independ- 
ently and add it in afterw'ards. 

775.-.l/^cr filing the site and determining the storage capacity of the 
resen'oir, what is nert to he done ? 

After the site of a reservoir has been fixed, a plan of it should 
be prepared, with contour-lines numerous and close enough to enable 
the engineer to compute the capacity of all parts of the reservoir 
from tlie lowest to the highest water-level, so that when the reser- 
voir is constructed and in use, the inspection of a vertical scale 
fixed in it may show how much water there is in store- 

Care should be taken to observe whether the basin of a project* 
edi reservoir site has, besides its lowest outlet, higher outlets 
through which the water may escape when the lowest outlet is 
ohMiedt unless they also are closed by embankments. 
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776 .-** Whaf prve€MtiofM are io be ic^ken witb rega/rd to the figure cf 
ground at the eite of a proposed reservoir embankment f 

It must be determined with care and accuracy, bjr making, 
not only a longitudinal section along the centre line of the 
embankment, but several cross-sections of the site of the embank- 
ment, which shouM be at right angles to the logitudinal section, 
unless there is some special reason for placing them otherwise. 
One of these cross-sections of the embankment site should run 
fdong the course of the existing outlet of the reservoir site, which is 
usually a stream, and another along the course of the intended 
outlet. 

^77 -—What points are to he attended io in the construction of the 
foumiaiion of the embankment of the reservoir ? 

The soil of the site of the intended embankment should be imper- 
vious to water, or capable of being easily removed so faras it is pervi- 
ous, in order to leave a water-tight foundation; and its nature is to be 
ascertained by borings and trial pits. In some cases it is not suffi- 
cient to coniine this examination to the site of the embankment ; but 
the bottom and sides of the reservoir-lmsiii must also be examined, in 
order to ascertain whether they do not contain the out-crop of porous 
strata, which may conduct away the impounded water. The best 
material for the foundation of a reservoir embankment is clay, and 
the next, compact rock frbe from fissures. Springs rising under 
the base of the embankment are to be carefully avoided. 

The engineer should ascertain where earth is to be found suit- 
able for making the embankment, and especially clay lit for puddle. 

77a~TF/ia^ are the points concerned in the construction of the 
reservoir embankment 

The embankment is to be made of clay in thin horizontal layers. 
The central part of the embankment should be a “ puddle wair^ of a 
thickness at the base equal to about one-third of its height ; it may 
diminish to about two-thirds or one-half of that thickness at the top. 
Great care mnst be taken that the puddle wall makes a perfectly 
water-tight joint with the ground throughout the whole of its course, 
and also with the puddle coating of the culvert. 

Daring the construction of a reservoir embankment, care should 
be taken to provide a temporary outlet for the water of its gflther- 
ing-ground, sufficient to carry aivay the greatest flood discharge. 
This may be done either by having a pij>e sufficient for the purpose 
traversing the culvert, or by completing a sufficient bye-wash 
before the embankment is commenced. 

The outer slope is usually protected from the weather by being 
covered with sods of grass. The inner slope is usually pitched or 
laeed with dry stone set on edge by hand about a foot thick up to 
alKmt three feet above the top water-level, and as much higher at 
waves and spray are found to rise. I^e top of the emba&metft 
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rnty be covered with «ods like the outer slope ; but it is often con- 
venient to make a roadway upon it. In either case it should be dress- 
ed so as to have a slight convexity in the middle, like that given ta 
ordinary roads, in order that water may run o£E it readily. 

No trees or shrubs should be allowed to grow on a reservoir 
embankment, as their roots pierce it and make openings for tha 
pmietration of water. For tne same reason no stakes should ba 
driven into it. 

779 . — Wliat should he ihe general figure and dimensions of the 
reservoir emhanhment ? 

A reservoir embankment rises at least 3 feet above the top 
water-level, and in some cases 4, 6, or even 10 feet. It has a level 
top, whose breadth may in ordinary cases be about one-third of 
the greatest height of the embankment ; the outer slope, or that 
furthest from the water, may haye an inclination regulated by the 
stability of the matenal, such as 1| to 1, or 2 to 1, the inner slope 
or that next the water is always mBwie flatter, its most common in- 
clination being 3 to 1. 

7 BO What is ihe usual height of the emhanhment ^ 

The height of the embankment varies from 3 to 10 feet above 
the highest water-level, the top being covered with broken stones. 

781 . - What is the Bye-Wash ^ 

The bye-wash is a channel sometimes used to divert past the 
reservoir the waters of tlio streams wduch sup])ly it, when these are 
turbid, or otherwise impure. Its course usually lies near one 
margin of the reservoir, and is then conveniently situated. 

782 . - " With u’hat is every iotjwunding reservoir provided ^ 

With au overflow weir. 

783 . — 117/e/ functions does this subserve ? 

It permits the discharge of the tlood-.siipply from the drainage 
area, and this is often sujiplemented by a channel termed the htje- 
wash, which is used to divert the streams supplying the reservoir, 
so as to prevent fouling of the store-’water. The flood-water carried 
off in this way flows into the natural water-course. 

70^-— Describe the mode of aetion and the uses of a ira«/e-Trei>. 

The waste-weir is an appendage essential to the safety of every 
reservoir. It is a weir nt such a level, and of such a length as to be 
capable of discharging from the reservoir the greatest flood-dis- 
charge of the streams which supply it, .so as not to allow the water- 
level to rise to a dangerous height. The water discharged over the 
weir is to be received into a channel, open or covered, as the situ- 
ation may require, and conducted into the natural water-oourde 
tociw the reservoir embankment. The weir is to be built of ashlar 
or sqma^ed hammer-dressed masonry ; the bottom of the waste 
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diannelf directly in front of it, is best protected by a series of rough 
stone steps, which break the fall of the water. Instead of a waste* 
weir, a waste- pit has, in some cases, been used, that is to say, a 
tower rising through, or near the embankment to the top water- 
level ; the waste water falls into this tower and is carried away by 
a culvert from its bottom ; but the efficiency and safety of this 
contrivance are very questionable, for it seldom can have a suffi- 
cient extent of overfall at the top. fSee next No.i 

>. — What is iJie overflow or waste-weir / 

The overflow or waste-weir is an appendage essential to the 
safety of every reservoir. It is a weir at such a level and of such a 
length as to be capable of discharging from the reservoir the great- 
est flood discharge of the streams which flow into it. Knowing 
this discharge, and allowing a maximum depth of say 6 inches over 
the weir, the length of the latter may be easily calculated The weir 
should be built of ashlar or square hammer-dressed masonry. In- 
stead of a weir, what is known as a waste pit is in some cases used ; 
this is a tower rising through or near the embankment to t)ie top 
water-level, into which the waste water falls, and is carried away by 
a culvert at the bottom. But as such a tower can seldom have a 
sufficient extent of overfall, the safety it affords is questionable. 
The water that flows over the waste-weir is conducted away to the 
natural water-course by a b^o-wash or channel, 'rhis bye-wash may 
be much narrower than the weir, a-s the water may flow through it 
with an increased depth. In all cases the byc-wa.sh should be cut 
round the end of the embankment, and not brought ,over the em- 
bankment itself. Sometimes it is cut to take the flood waters with- 
out allowing them to pass into the reservoir, and this plan is pre- 
ferable for several reasons. Usually the waste weir is segmental in 
form, and a fall of 1 or 2 feet is allowed on the down-stream aide. 
To prevent too great a velocity in the channel by which the water is 
conveyed to the natural course the channel should be carried along 
level for some distance from the reservoir. Some engineers break 
the floor occasionally by steps. When steps are used, the fall should 
not be more than 9 inches ; and the tread of the step should be ef|aa1 
to at least twice the fall. Near the reservoir, a layer of concrete 
should be placed under the bottom of tbo bye-wash. 

786 > — Whai is ilie ohjeri of a Weir? 

It is partly to make a small store reservoir, but principally to 
prolong a high top water-level from its natural situation at a place 
some distance up tne stream to a place where water is to be diverted 
from the stream to drive machinery, or for some other puiqiose. 

The weir is constructed across the stream so as to dam, up a 
nearly still pond of water l>ehind it, from which the whole flow of 
the stream escapes through a notch, or other suitable sbarp-poiated 
Onfipe in a vertical plate or board, the elevation of still or nearly 
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still water being observed on a vertical scale in the pond, when zero 
point is on a level with the bottom of the notch, or with the centre 
of a round or rectangular orifice. 

rsT.—nhat is a Moveable Weir f 

A moveable weir is generally a Avater- tight planted timber gate, 
or fall door turning on a horizontal hinge at its bottom, so as to be 
flat in a recess in the bottom weir wdien open. It must open down- 
stream and may be sup|)orted at any degree of opening by an 
arrangement on the down-stream side. 

788. -A avie an essential requirement of a llVir. 

A weir always recpiire.s waste sluices or flood gates. 

789. -ir/ia/ iti a Slnive ^ 

It is a sliding valve of wood or iron moving in vertical guides 
or grooves inside a rectangular passage or tube of masonry. It is 
generally moved by a screw or a rack and pinion joint. 

790 -Jion* are the Slnieen brought into use ^ 

They may cither be under the control of a man in charge 
of the reservovr, or they muN l)o self-acting. Water sluices may be 
opened to as.sist the waste ueir in discharging an excessive supply 
of Avater, 


791 . — St%le hnejltj (he prerantions to be observed in the Construction 
if large liesenoirs. 

Large reserviors are made water-tight by a core of clay puddle ; 
the inner slope is protected by a pitching of dressed stones, the 
outer by a covering of gra.ss sods ; the summit of the embankment 
should be *1 to 10 feet higher tlian the Avater-Ievel ; the top is covert 
with broken stones ; no trees or shrubs must grow on it ; and C4ire 
must be taken to prevent the po.ssibility of rats burrow'ing into it ; 
an overflow weir is prov ided to permit of discharge of flood-water 
from the drainage area, and is supplemented by n bye-wash, which 
diverts the foul Hood- water of the streams supplying the reservoir ; 
there is a cleansiug-pipe at the lowest leA el ; the discharge-pipe 
bends upw^ards, and is perforated with holes at different heights, and 
has guards to prevent entrance of stones, wood, etc. Certain plants, 
as iirotococms and rJmra, give off oxygen, and may be allowed in 
reservoirs ; but duckweed (lemna and pisfia), and all dead vegetable 
matter, should be removed. 

708 * — What are the objects served by . 

Reservoirs generally have for their object either the detention 
of flood-water that might otherwise cause damage, asdn works of 
river improvements, or the utilisation of it in canals, of nav^fdon, 
imgfid^ion, or driving machinery, or for town supply. For the 
flrst jiurpose they must, toetfect their purpose, be very extensive 
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US this, and even if there were no other considerations afc least half 
a day’s demand should be provided. Under the intermittent system 
the required capacity of the service reservoir will depend to a 
certain extent, upon how the system is worked.] 

7BB-Give an example as to tJie method of calculating the required 
sizt^ of a reservoir. 

Suppose that a population of 100,0(X) is to be supplied 
with 25 gallons per head per day, which is equal to a total of 
2,500,000 gallons per day, and suppose, further, that the supply 
is to be taken from a catchment area, over which the mean annual 
rainfall is, say, 42 inches. Deducting one-sixth, or 7 inches, there 
will be 35 inches for the fall during three consecutive dr^^ years,, 
which we will make the basis of the calculation, ’[’he squai’e root of 
35 is 0 (nearly), and 1,000 divided by 0 is equal to 106, say 170 days’ 
storage. In addition to the above two and half million gallons per 
day, there will be, suppose, 1,00(>,OC»0 gallons per day, to be given 
as compensation to streams, and 160,000 gallons per day to bo lost 
by the evaporation, of say, one-tenth of an inch per day from the 
surface of the reservoir of say 70 acres. The total demand will 
therefore be 3,660,000 gallons per day. The dry weather flow into 
the reservoir we will assume as a little less than half a cubic foot 
per second from each 1,000 acres taken over an area of. say. 2,500 
acres. This will give 600,000 gallons per day, which deducted from 
the total demand, will leave 3,060,000 gallons per day. This 
quantity multiplied by 170 for the number of days’ storage, will be 
520,0<10,000 gallons, the re(|uired available capacity of the reservoir. 

The storage capacity may be taken as a certain number of days 
of the excess of the demand over the dry weather flow, that is to say, 
the average of the quantity w hich may be expected to pass into the 
reservoir during the drought. This may be ascertained from a 
series of comparisons of actual ganging with the rainfall during the 
same period. Should there be rainfall records of more severe 
droughts, the coiTesponding minimum flow of the streams will be 
still less in proportion to the fall of rain ; for the loss by evaporation 
vriil be proportionately greater as the ground surface is hotter and 
more parched. In districts that are generally selected as catchment 
areas for town supplies, a dry weather flow of from one-(}uarter to 
three-qaarter.s of a cubic foot per second (that is from 135,000 to 
about 400,000 gallons per day) per thousand acres, ma^ be expected. 
Great caution however must be exercised in making allowances 
under this head, and a careful study of judiciously arranged 
gangings should invariably l>o made. 

After having ascertained the gr^test excess of the demand 
al^ve the supply, it remains to be decided bow many days* storage 
will be required. As before stated, the number of davs* storage 
pquired will be greater as the mean annual rainfall as less. Thug 
^ many parts of the west Sagland when the rainfall is greatest^ 
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100 or 120 days’ supply will be sufficient, while 240 or 250 days’ 
supply will be required in the East, when the total rainfall is Jess 
and the drouehts are longer. It would appear that the storage 
capacity should vary inversely as the square root of the rainiall 
taicen fdr tliree consecutive years, and moreover that if the 
oonstant number 1000 be divided by this root, a fair idea of the 
number of days’ storage required will be obtained. The discovery 
of this law IB due to Mr. Hawksley and was arrived at only after 
many years of extensive observation. 

79^.— How may the tvairr collected in a eturaye rese^'voir be calcu^ 
lated ^ 

By ascertaining the area of the collecting basin, the average 
rainfall, and the average amount of percolation, evaporation and flow 
of rainfall o£^ the surface. 

800 . — In calculating the capacity of a reservoir wltat allowance 
must he mculo 

A certain space must be left below the lowest working level 
that is not available for storage. The use of this bottom (as it is 
called) is to collect the sediment from the water. The extent of 
this bottom varies under different circumstances. But it is well to 
alloiv a depth that at the lowest working level no portion of the 
bed at a distance of 3 feet from the water’s edge shall be less than 
6 inches from the surface. 

SOI — Jn calculating the capacity of a n servoiry tchat must alivays 
be ascertained f 

The space left below the lowest working level that is not avail- 
able for storage. 

B02-—WluU is the use of this space f 

The use of this space, or bottom, as it is termed, is to collect the 
sediment from the water. No rule for the volume of the bottom can 
be deduced from existing examples, for here again we find a total 
want of uniformity. Some engineers give a dej)th cfjual to one- 
eixth of the total depth of the water at the deepest part of the re- 
servoir i but it is difticult to discover on what basis such a calou** 
lation rests. The object being to allow a de]>th of still-water above 
the bottom for the purpose of preventing sediment from being 
drawn off, this end would probably be best obtained by allowing 
«uch a depth that at the lowest working level no portion of the bed 
at a distance of 3 feet from the water’s edge shall less than 
6 inches from the surface, 

9W.-What is meant by the available capacity of a reservoir f 

The available capacity, or storage-room of a I’eservoir, is the 
volume containcKi between the highest total capacity by the volume 
-of the space below the lowest working ^ater-lcvel which space is 

13 
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leffc as a place for the collection of sediment, and is either kept 
always full, or only emptied when it is absolutely necessary to do so 
for purposes of cleansing and repair. It is impossible to lay down 
a universal rule as to how much the space so left, or “ bottom,” 
is, but in some good examples of artificial reservoirs, it occupies 
about one-sixth of the greatest depth of water at the deepest 
part of the reservoir. The absolute storage-room remiired in a 
reservoir is regulated by two circumstances, — the demand for water, 
and the extent to which the supply fluctuates. 

The best rule for estimating the nimilohJv capacity required in 
a store-reservoir, would probably bo one foiinded upon taking into 
account the supply as well as the demand. 

In order that a reservoir of the capacity prescribed by the pre- 
ceding rule may be efficient, it is essential that the least available 
annual rainfall of the gathering-ground should be sufficient to sup- 
ply a year’s water-supply. 

[The foregoing principles as to capac ity have reference to those 
cases in which the water is to be used to supply a demand for water. 
When the sole object of the reservoir is to prevent floods in the lower 
parts of the stream, it ought to be able to contain the ascertained 
greatest total excess of the available rainfall during a season of flood 
above the greatest discharging capacity of the stream (consistent 
with freedom from damage to the country b] 

8CMk — Define hriejly n*hat in mfcmt htj the avail able 
in a reservoir. 

It is the volume between the surface and the lowest working 
level. 

805.— W/tcn the capacity of the reservoir has been determined, upon 
what loiltits dimensiorss depend ^ 

Mainly on the character of the site. Depth is essential to the 
purity of the water, for in shallow water the growth of plants is 
very rapid. Moreover, as evaporation depends upon the extent of 
surface exposed, tho loss from this cause will be less as the depth is 
increased. For these reasons, a reservoir should always possess 
considerable depth. 

806 . — What should he the dimensions of storage-room ? 

The storage-room should be large enough to contain a four or 
sis months’ sujiply ; and the site which can supply the requisite 
storage-room with the least embankment, the least amount of puddle 
and tne least area laid under water is to lie preferred, 

807 - — What points is it necessa/ry to he acquainted with lo determine’ 
the amount of water to he stored when dependent on rain- 
fall r 

(1) Amount used, and (2) ease of replenishing. This latter 
Sepends upon the rainfall and upon the area of catchment- 
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what I'ulee may we calculate size of reservoir ? 

Number of gallons required daily for whole population -f- by 
6'28 to bring to cubic, feet and x by number of days the supply is to 
last = size of reservoir in cubic feet. 

809 * — <iu(uiiity of water should an impounding reservoir 
contain ? 

About 120 days' supply in rainy districts, and 200 days’ supply 
in the less rainy districts ol England. 

810 — What s'upjdy tthould serricc reservoirs contain ^ 

About days' supply. With a catchment area large in propor- 
tion to population, and with a fairly distributed rainfall, the necessary 
storage space will be less than in a district where there are long 
droughts to be })rovKled for, and where, the catchment area being 
small, it 18 essential that loss by escape of water during heavy floods 
should be minimized by jirovidmg large reservoirs. 

In dry seasons the reservoirs will not be full. In flood-time 
the excess of water flows over a weir at a fixed height into a * bye 
wash’ or side channel, and thence into the main stream. 

The amount of storage required for the water-supply of a town 
necessarily varies, not only with the numbers of the community to 
be supplied, but also according to their habits, and the industrial 
occupations carried on ; and in manufacturing towns the amount of 
water required for industrial purposes may exceed that required for 
domestic use. Whatever be the required daily supply, the storage 
capacity of the reservoirs iu rainy districts .should equal 150 days’ 
dr}* weather supply (Pole) ; and in dry districts 200 days’ supply. 

Dr, Pole ( TPa/cr Sjipply, p. 21,) has given some simple and useful 
formuho for calculating the collecting area requisite, where the rain- 
fall is known, and the los.', from evaporation fairly established. 

If Reasthe mean rainfall in a given 3 ’ear, in inches, 

E==the estimated loss by evaporation, etc., in inches, 

A«athe area of gatliering ground in acres, 
then gallons of water ])er day=62A (R — E\ 
and cubic feet of water per year=8630 A (R — EV 

811 .— tchat docs the size of an impounding reservoir depend T 

Upou the amount and fluctuation of the supply, 

818 .— TF/mf regulates the size of the storage reservoir ? 

It depends upon the amount and fluctuation of the supply ; 
UBuatly 120 days’ supply is the least of any used, but 140 days* sup- 
ply is however nearly always sufficient. 

813.— TTfcaf should he the storage in the dryer districts f 

At least 200 days’ supply. 
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BX^'-’Whcd i$ Hmoikal^U formula for ealcuUUing the eapoM^ of 
the etorage reservoir f 

1000 

Hawksley’s formula for storage is D=: - 

D being number of days* supply to be stored, F mean annual 
rainfall (five-sixths of average). Storage capacity may vary from 
25,000 to 50,000 cubic feet per acre of catchment area. 

315. — Explain Hawkslef s formula and give an example as io how the 
calculation is worked out. 


Mr. Hawksley’s formula for calculating the number of days* 
storage requisite is to divide 1000 by the square root of the annual 
minfall in inches. Thus, with a rainfall of inches, the day’s 

storage required is *» * rainfall of 


64 inches is 


=1."'^=125 davs. 


1000 1000 , 

^ 64 ““ 8 " 

816.*~J7atr may we calculate the required size of a resenmr ? 

/The number of gallons required daily for the |K)pu)ation divided 
by 6i (which calculation reduces it to cubic feet of water), multi- 
plied by the number of days’ supply required : the result is the siae 
of the reservoir in cubic feet. 


‘817- — Whai sltould be tits storage^room in relation to the catch- 
ment area ? 

From 25,000 to 50,000 cubic feet per acre nf catchment area. 
818. — Upon what basis is the capacity of a storage reservoir 
calculated ? 


In constructing reservoirs the storage capacity is estimated 
from the number of dry consecutive days, likely to be experienced 
in any given locality. [In England this is seldom more than a 
month.] 


313 . — Discuss the questions related to the matter of storage. 

The amount of storage required will depend on the following 
circumstances, tnx., the amount used and the e^e of replenishing. 
It is, of course, easy to calculate the space required when these con- 
ditions are known, in this way i— the number of ^llons required for 
the dmly whole population must be divided by 6‘S to bring mbo cubic 
feet and multiplied by the number of days which the storage must 
last ; the product it the neoessary siae of the reservoir in cuoio feet. 

Hawksley’s formula for storage is ae follows where F equals 


the annual rainfall in inches ; the resulting number is the number 
of days’ itorage required. Thus, with a rainfall of 25 inches, wo have 
1000 1000 

= 200 days. 
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[Whatever be the sia^ oi the reservoir, it should be kepi csre- 
fully clean, and no possible source oi contamination should be 
permitted.] 

Many waters, particularly rain-water, must be filtered through 
sand before they pass into small cisterns, and the filter shcmld be 
cleaned every three or four months. A double filter can be made by 
having a second chamber. 

820.-J« a certain amount of vegetable life good for store 
reservoirs ? 

Yes; the presence of moderate quantity of living plants, exerts 
a decid^ly purifying influence, while the destruction of fish has 
been followed by an excessive multiplication of the small crustacean 
animals on which the fish had lived, thereby rendering water 
nauseous and impure. The remedy was fcund in re-stock^ing the 
reservoir with fresh fish (RankineI. 

881. — other precautions are to be taken 'f 

That the storage reservoir be well protected from contamination 
by cattle, and by excreta of human beings. They should be kept free 
from weeds, some of which may communicate an unpleasant taste to 
the water; and all dead and decaying vegetable matter is mors 
or less injurious. When in the neighbourhood of towns and fac- 
tories, the reservoirs should be covered, so as far as possible to 
exclude contamination by solid particles floating in the atmosphere. 

All reservoirs require to be frequently cleaned ; they should be 
covered in, and ventilsted ; in form, deep rather than extended, so as 
to lessen evaporation and secure coolness. If too large to be covered 
in, a smaller covered one with a filter between should be provided, 
containing three days* supply, 

882. - By what formula may we calculate the time employed in 

filling and nnptying a reservoir when the supply and 
consumption are going on simultaneously ^ 

Q = Supply of water to reservoir in cubic feet per minute. 

(j = Consumption of water from reservoir in cubic feet per 
minute 

0 = Contents of reservoir in cubic feet. 

T = Time required for filling reservoir in minutes. 

t = Time required for emptying reservoir in minutes. 

Q—<l q—Q 

883. — Hmc does the water pass from the reservoir ^ 

Through aqueducts hy an outlet-pipe which is bent upwards 
at its commencement, so as to take only the purest wat'Cr fr^ alike 
from aliment and floating matter. 
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B24 . — What toould [be the storage-room required for the water 
collected in an area 200 sq. ft. with a rainfall of 20^ f 

Reduce the 200 sq. feet to sq. inches and multiply by 20, 
^hich jjjives the number of cubic inches divided by 1728, gives the 
‘actual amount of water in cubic feet to be stored. 


826. — a large and crowded area has to he supplied what pre- 
cautions are to be iaJcen ? 

The additional eiqaense in piping which wo»ild bo thus entailed 
is sometimes so great that distributing basins or town-reservoirs 
are constructed to supply certain districts. To meet all emergencies, 
they are made large enough to contain at least a day’s supply, ana 
they must also have a site of sufficient elevation to ensure distribu- 
tion by hydrostatic pressure. Every such reservoir should be roofed 
in and ventilated, to protect the water from frost and heat, and 
from becoming tainted with aerial impurities. 

826 . — Are spare reservoirs necessary in toimu * 


They frequently are, particularly when the requirements vary at 
different periods of the day and the greatest hourly demand is 
double that of the average demand.* [These reservoirs should be of 
a capacity sufficient to hold one day’s supply, and they should be 
both covered and ventilated.] 

827.-ir7mf are the chief points atiemled to in the coitstruriion of 
supjdy reservoirs or distrihuiiny basins / 

To meet all emergencies, they are made large enough tf» contaiu 
at least a day's supply, and they must also have a site of sufficient 
elevation to ensure distribution by hydrostatic pressure. Every 
such reservoir should be roofed in and ventilated, to protect the 
water from frost and heat, and from becoming tainted with aerial 
impurities 


828. — What daily supply and ndume in the storage resert'oir 
would you consider necessary for a istpalatiou of 90,000 f 

At least 20 gallons each, or 1,800,000 gallons storage should 
be provided for 6 weeks’ supply. 

90,000+20+32 = 75,600,000 gallons 
for which storage room is required and this-f-Gj *= cubic caoacity 
necessary in ft. with a reservoir 500 feet. sq. depth, would be 
265,000 530 ^ 

— g — =~g- a* io<5 per (lay. 


B%B.-What arrangements are necessary for renwving the sediment 
which collects in the bottom qf im resertnnr r 

In order to remove the sediment which collects in the bottom of 
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the resex^voir, there is always a cleausing pipe, as well as a discharge 
pipe, the former being on a level with the lowest point in the reser- 
voir and discharging with the natural water course below the 
embankment. Both are carried through a culvert in the embank- 
ment, which is built of stone or brick, and founded on the solid 
rock. The aqueduct or discharge pipe bends upwards in the reser- 
voir, and has a aeries of inlets, the lowest at the lowest working 
level, and the whole of them guarded against the entrance of small 
stones, pieces of wood, or other bodies, which would interfere with 
the action of the valves. The sluices which are required for both 
pipes are situated in the reservoir, and are worked from the sluice- 
tower. 

As already stated, storage or imj)ounding reservoirs are neces- 
sarily settling reservoirs ; indeed all reservoirs are so to a greater or 
less extent. The area and capacity of which storage reservoirs as such 
have to be made is generally in excess of that required for efficient 
settlement, so that seldom, if ever, will an a^ldition have to be made 
to the capacity of a storage reservoir, in order especially to allow of 
the complete subsidences of su.spended matter. For even when there 
is an exceptionally small (piantity of water in the reservoir, say 
only a week’s supply, it will in most cases be at rest to all intents 
and purposes ; in other words, the velocity of the current towards 
the outlet will be far lower than will be likely to interfere with the 
settling process. The case i.s different where large storage capacity 
is not reejuired, and where reservoirs have to be provided expressly 
for the purpose of purifying water by subsidence, as, for instance, 
whei’e the supply is derived from a turbid river whose flow is gi’eatly 
in excess of the re(juirement.s of the works. Here the object will, 
of course, be to provide for the settlement of the mechanical impuri- 
ties with the least possible expense. 

830 - 7 / Jivuse risit^rns arc iiuUspeiisablv, ivhat preca'iiiions nhoiM 
he takeii in rc(/ai*d to their r*imt met ion ^ 

Where house cisterns are indisjieiisable, they are best construct- 
ed of well-cementcd slate slabs, which should be thoroughly en- 
amelled inside. A wrought-iron cistern coated with some bitumi- 
nous compound has been recommended by many. The ordinary iron 
tank reservoir similarly coated is very useful, although from the 
absence of fresh air, if it is not thoroughly looked after, the water 
in it rapily deteriorates. A cistern of thoroughly glazed and 
cementea bricks is also a convenient form of construction for house 
cisterns, IjeAd cisterns should never be used in a house. Galvan- 
ised iron is also objectionable. Another important point is, that the 
service pipes which convey the water from the mains and sub-mains 
to the housetops or cisterns, should never be composed of lead or 
galvanised iron. A safe pipe is a leaden one linea with block tin. 



WATKR. 


m 


[FAB9 


Woodm cisterns sbonld lik&irise b© avoided, as the wood is sp 
deca^, to favour the putrefaction of, and impart oi^ntc impui 
to, the water. 

831. — Whai nuiierials are frequently employed in Die romtruc 
ofcietema? 

Iiead, slate, galvanised iron and zinc. Stone, glass, brick li 
with Portland cement, glazed earthenware and lime are likor 
used. 


BSa.-Whai are the objections against inm, zinc and lead ristet 

Iron cisterns rust and discolour the water and give it a ch 
beate taste ; zinc is rapidly dissolved by water and prodi 
poisonous effects; lead is dissolved at first when the cistern is r 
Dot rapidly becomes coated with carbonate or sulphate of 1 
when tne water is hard, or with a carbonate and oxide when 
water is soft. Soft waters act upon Ic^d, dissolve it to a danger 
extent and thus bring abont lead-poisoning. 

833.*-Tr/i2^ is zinc so comnumly used ^ 

On account of its cheapness. 

034.~ is the best material for hrnfse cisterns ^ 

Slate, well set in hydraulic cement. 

335. — special jmints are to Ite attended to in regard to cis^ 

tents ? 


They should be pro|)erly covered and protected from heat and 
frost and foreign bodies. They should be periodically cleaned and 
inspected. They should be well ventilated and placed in a well 
lighted locality. They should not be in proximity to water-closets 
or sleeping apartments. They should have no communication with 
the water-closet, the water-supply should if possible be absolutely 
distinct. The waste pipe should not communicate with the drain or 
sewers directly. All cistern-water should be thoroughly filtered 
after leaving the cistern if the water is to be drunk, or a small filter 
may be placed in the cistern, so that the tap connected with the 
latter delivers filtered water. Cisterns are always a danger to the 
purity of water, and if possible there should be no cisterns in the 
house beyond that for tne kitchen boiler and water-closet. Cisterns 
freauentfy leak, thereh>re it is necessary to have them placed in 
sneli a position that should they le^ no harm will accrue. 

836.-/S zinc as bad as lead for cisterns ? 

Xt is not ; but as it is also jK^onoust although not to the name 
extent as lead, it should be avoided tor olstems. 
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88 ?.— ^ a lectd cistern mmt he used wJinf precaution nmsi he taken 
to commence with ? 

That the whole of the water of the cistern should be allowed to 
run out as in all probability it willhave dissolved out some of the lead. 

038. — Wlmi effect has hard-water on lead cisterns ? 

It canseH a deposit upon the inner surface of the cistern consist- 
ing usually of carl^nate or sulphate of lead. These deposits form 
a lining which protect the surface of the metal from further action. 
It is for this reason that the inside of a leaden cistern should never 
be scraped when the cistern is being cleaned out. 

839. — Wluii is the effect of washing and scouring out leaden cisterns ? 

If there is a deposit of insoluble lead salts, this protective 
coating over the lead is removed and exposes the fresh bright lead 
surface to the action of the fresh water, with the certainty that some 
would be absorbed before another protective coating was deposited. 
I^ad cisterns therefore should not be washed and scraped as other 
cisterns usually are. 

880. — What is the objechmi to stone cisterns ^ 

They are t<x) heavy except in basements. 

841 . — What form (f cistern is recommended by Professor CoRFIELlt ? 

Galvanised iron ; that is, iron which is coated with a thin layer 
of zinc. 

84a.-f/(>c* may the rnstiny of iron cisterns be prevented 

By giving them a coating of boiled linseed-oil before they leave 
the foundry, or coating them with a bituminous material. 

843. '-'1F;/o/ is the objection to slate cisterns ? 

They are apt to leak ; the points of leakages are i»ot uncommonly 
smeared with red lead, which is attacked by the water, and thus lead 
poisoning re.^ults. If the slato is set in good cement (not mortar, as 
this makes the water hard), it is perhaps the best of all materials 
for a cistern. 

844. — How may lead cistern s be jtrotected f 

By giving them an inside coating of tar, pitch, or other pre- 
servative material, or by a layer of block tin (Haines* patent). 

B4k5,-What is the first essential reguirenient of house cisterns ? 

'fhat they should not l>e constructed of a material that will 
impart any injurious ({uality to the water. [Galvanised iron fand 
elate both answer the purpose well ; the latter, howevert although 
the best in other resf^ts, is heavy and it is difficult to avoid 



302 


WATSE, 


[PAM 1, 


leakage through the joints ; these should bo carefully made with 
cement. The risk of metallic contamination in the case of the 
former has often been demonstrated.] 

What U the next most impoHant point in connection with 
house cisterns ? 

They should be easily accessible, and, while the sun’s rays 
ought to be excluded, the place where they are ftxed must not 
be dark. This requirement is essential so as to afford every 
j^ility for inspecting and cleansing. It is not unusual to find 
cisterns placed under floors by reason of the foul condition of the 
water, a search is made, and the cause, in the sha))e of dead and 
decomposing rats, is discovered. They should be protected from 
frost. Cisterns, where, as, under the intermittent system, they 
are necessary, should likewise be secured from frost and sun, as 
well as from all chance of the entrance of dirt, dust, etc. IVo 
situations very commonly selected bv builders are equally to be 
condemned — cue is the immediate ncigfilx)urhOod of the water-closet, 
chosen with tlie object of saving a few feet of pipe ; and the other, 
for security from frost, is beneath the flooring of a landing 
or bath-room, where dust, slops, and the like And ready entrance, 

8^7* — Wh^it other points are necessary in connection with house 
cisterns ? 

They ought to be covered and ventilated, otherwise dirt of all 
description will enter. 

The overflow-pipe ought to be carried to the outside where it 
should either be cut short or discharge on to an open gully. It is 
a very common practice to connect it direct with the soil pipe or 
drains, in which case it simply acts as a ventilator, and foul gases are 
conducted direct to the drinking-water. In some instances in 
which this is done a siphon-trap is introduced, but as the overflow 
pipe is only in use when the ball-tap, which regulates the supply of 
water, is out of order, this trap, owing to eva|>oration must stand 
-empty, and, therefore, be absolutely useless. 

The supply-pipe for the water-closet must not pass direct from 
the cistern, but a smaller cistern (water- waste preventer) ought to 
be interposed. 

848 .— THuif is the best nteems of storing water T 

In all such cases the best mode of storing water is in under- 
ground tanks constructed of sound masonry with vaulted roofs 
^and lined with hyradulio cement. It is thus secured from contami- 
nation and from the influence of changes in the external tempera* 
tore to which cisterns al>ove ground are liable. Thus Ca|:^iii 
Cblton observed the temperature eda well to vary only between T 
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and 51*5'' during the year, that of the water in the mania between 
39*7' and 64*8®, and that of the cistern between 33*6® and 71*5®, show- 
ing an annual range of 1° in the well water, 25° in the mains, and 
38^ in the cisterns. 

To indicate briefly the conditions under which water may be 
safely stored in houses the following rules should be observed : — 

{a) The cistern should be of stone- ware, slate, or galvanised iron ; 

(6) It should be placed in a light and well-ventilated position, 
and should be properly covered ; 

(c) It must not be used to flush water-closets, but may supply 
the ** intercepting ” or waste-preventing cisterns, which should be 
used for this purpose ; 

id) The overflow pipe must be carried out into the open air to 
terminate as a warning pipe; it may end over the open head of a 
rain-water pipe if the cistern is in an upper storey, or over a trap- 
ped siphon gulley when the cistern is near the ground ; 

(ei The cistern should be cleaned out at regular intervals ; 

(/) The inlet to everv cistern ought to have a cock with a float 
to nse and stop the supply when the cistern is full. 

849 — JF/iai ot/ts)' 'precaution is necessary ' 

Every cistern should have a well-fitting lid. always kept closed; 
otherwise, not only dust gets in the water and noxious gases, but 
also decomposing vegetable matters, and even dead cats, birds* etc. 

850 . — With regard to home storage of water ivluit opinion did the 

liivers Pollution Commissioners e.ipress in their Si^dh 
Report f 

** AH storage of drinking-water in liouses is attended with the 
risk of pollution. Good water is spoiled, and bad water rendered 
worse, by the intermittent supply ^ house storage being inseparable 
from this form of supply),” 

851 . — How mag the cenineciion of the orerfimv pipe with the house 
drain(^gc system pollute the cisteni teater ' 

Suppose that the overflow pipe has a S bend on it before its 
junction with the drain, but as the water in a trap quickly evapo- 
rates when not renewed — and the water in this trap can only be 
renewed if the ball-cock of the cistern leaks— little obstacle is pre- 
sented to the passage of foul, and possibly infected, sewer air from 
drain, soil-pipe, or D trap, up the overflow pipe, where it escapes 
over the water of the cisteni. Tliis direct connection of the over- 
flow pipe with the drainage system is said to be one of the chief 
causes of the sproivd of typhoid fever in towns. 

858 .— danger Is likely to arise if the Ihouse cistern conimuni* 
cates with the irater-closetSf and kow may such risk he 
avoided ^ 

The danger of sewer gas rising through the pipe. There 
should be a special small cistern for the use of tne closet. What are 
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Ueemed wato^waste preventers are now oommonly nse^ fed either 
a eisteni or by oonsiant supply. They are boxes whioh are emp- 
tm into the pan* by a valvei^ are then re-filled. There are m^y 
kinds, but perhaps the best are those that work by siphon action, 
brought into play by palling a wire. The amonnt of water should 
not be less thm two gallons, and the fall should not be less than 
3 or 4 feet, so as to insure thorough scouring of the soil-pipe. 

853 . — What other precaution is necessary with i^egard to stored 
water ^ 

Any water collected in the house for intermittent use during 
the day should be carefully protected from all possible sources (H 
pollution, and the receptacle for the water should l)e periodically 
cleaned. 

864k — State briefly the conditions under which a cistern is least lia- 
ble to yield impure water ? 

A cistern, if any is needed, should be placed at the top of the 
house, and fed by a supply-pipe controlled by a ball-cock. It must 
be large enough to contain at least a day's supply, and must not 
directly supply the water-closet. It may be made of lead, lined 
with pitch or other protective coating, or of galvanised or Barfi 
iron, or of slate slabs set in cement. It should be closely covered, 
but ventilated, and provided with an overflow discharging into the 
open air awaj’ from any source of effluvia. Frequent inspection 
and cleaning are necessary. 

855. — What prevents further flotc of wafer tvhen the house cistern is 

full? 

A ball-tap prevents any further flow of water ; and if this does 
not act properly, an overflow-pipe carries off the excess of water. 

856. — Coi/ipa re the nvt^riis of the different materiah used in U^e 

construction of house cistei'n ? 

For the private storage of the inhabitants — slate, lead, iron, 
and zinc cisterns are most used, on account of the cheapness 
of the material. Lead is open to the objection of the poisonous 
nature of the soluble compounds sometimes formed by the action of 
the water on the metal. Slate cisterns are difficult to keep water- 
tight ; and if iron is used, it should be coated with the patent 
material used for water-mains. All cisterns should be kept covered to 
prevent contamination, but free ventilation should be provided. They 
should also be placed so as not to damage the house or render it damp 
in case of leakage, and also be easy of access for inspection, cleaning, 
etc. Care must be taken that the waste does not communicate witn 
the drains or closet-trap, but that it opens into the open air. A 
practice formerly common in London was to carry the waste-pipe 
Into the closet-trap* All cisterns should be inspected and cleaned 
periodically. 
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.Mwite (mother tource of pollution ftvm connection with drains, 

Drinkiug-water in cisterns becomes liable to a very dangerous 
pollution by the very general practice of connecting the “ standing 
waste ” or overflow-pipe of 'a cistern with a drain or soil-pipe of the 
house, or with the D trap under a water-closet. 

858. — What are the chief objections to cisterns ? 

“^(1) The danger of pollution of the water by sewer air, dust, soot, 
and accidental contaminations such as dead mice, birds, or cock- 
roaches, and (2) the risk of solution of the material of which the 
cistern is composed. 

Where the overflow-pipe joins the soil-pipe below the siphon 
cf the water-closet, what may occur ? 

Sewer gas may mount directly into the cistern and be absorbed 
by the water; where it is joined to the trap of the siphon on the side 
nearest the water-closet pan, only the offensive gases from the water- 
closet can, as a rule, mount into the cistern. 

Should the water-closet he supplied from the same cistern 
as supplies drinhwfj-icater ? 

It should not, for the j»ipe leading down to the closet often 
carries closet air to the cistern. A small cistern or service-box 
should be provided for each closet. 

881.— ir/tof special jHnnis must be attended to in ike cleaning 
out of cisterm ? 

The cistern must be frequently cleaned out. at least once every 
two or three months, all chips of mortar, etc., being very carefully 
removed, as they speedily corrode the lead or iron. It should 
always be cleaned out when, for example, the family returns from 
summer holiday8,and before drawingany water for cooking, drinking, 
etc., from it. It should be cleaned out with a soft hearth brush, lightly 
rubbed over it and with plentv of water ; the sides must on no 
account be scrubbed with a hard brush, or with sand or anything 
rough, as this would remove the protective coating. After heavy 
rains, by the melting of snow and the breaking up of ice, rivers are 
more than usually turbid, and the filtration ^ the water is less per- 
fect- In the hot months of the summer again, though the water sup- 
plied may bo at its best, the suspended matters which tend to accu- 
mulate in a cistern undergo rapid decomposition, and for this reason 
the water should be allowed to run off or the cistern be emptied for 
garden or other purposes. 

888 - — Cisterns are occasionally used to supply waier^cHosets which 
ham regulator valves on the supply-pipes* Is this ad- 
visable f 

All^ugh there is but little danger of foul air finding its way 
into the drtnkiog*water of the cistern, by this arrangement, as tim 
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«upply-pipe is always full of water unless the cistern is empty> Still 
it IS better to break the connection altogether between drinking* 
water cisterns and water-closets. 

863 . — Whai are tJie chief pionU to be httended to in regard to the 
overflo'w-pipe of a cistern ? 

It should never open into a sewer or water-closet pipe, because, 
even though properly trapped, the water seal may disappear 
by evaporation and the gases pass up and be absorbed by the water. It 
xnust have no communication with any other overflow or waste soil- 
pipe or drain. It should pass through an external wall and dis- 
charge by an open end, some little way above the ground, over a 
trapped gi-ating, it should not however, be near an intercepting drain, 
trap or it. s grating, because if the trap evaporated, then ga.ses are 
apt to be drawn up the pipe, by the warmth of the house, to the 
cisteim. A very safe and good ])lan is to let the overflow-pipe open 
into the roof gutters. The end of the overflow-pipe shoula be easilj’ 
seen so as to detect any unnecessary waste. The overflow-pipe 
should be used only as a warming-pipe, and open on the outer wall so 
that it can be readily seen. In thi.s manner it apprises the occu- 
pants of the fact that something is wrong, as the cistern will not 
overflow unless there be something wrong with the valve of the 
inlet-pipe. It may also open into the bath or over a sink 

It should never be connected with the drainage system, but should 
he made to discharge its conttuits over a properly trapped gull}'. 
But in dry weather there is risk that the gully may become unsealed 
owing to the evaporation of w ater in the trap, and therefore when it 
is possible, the waste-pipe of a sink, lavatory or bath which is fre- 
(mently in use, should be made to discharge into the same trap, and 
thus ensure that it shall always be charged with water. 

In short an overflow^ pipe from a cistern should never lead 
directly into a sewer, but should end above ground over a trapped 
and ventilated grating. If this were always attended to, no sewer 
gaaes could fina their way to the cistern through this channel. 

864 . — Whai else is necessary as regards iJi^e trap co^inecied with 
the tmste^pipe ? 

That from the trap the waste should be carried as rapidly as 
possible through the wall and then made to descend to the gully, 
uhe ventilation of the trap which is needed to prevent siphonage 
when the waste-pipe is long, or when two or more waste-pipes 
are connected, is effected by the insertion of an air-pipe into the 
top of the trap beyond the seal, the other end being carried through 
an external wall into the open air. 

precemtions should be observed as regards tl^e waste* 
pipe of cisterns ? 

As a rule, a waste-pipe should not only be as short as possible^ 
bat it iriboald also be easily accessible at the outer end, so as to allow 
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of ifce beiiiff periodically cleansed by means of a brush being passed 
into it The trap in the waste-pipe should be of the simple 8 form, 
and furnished with a brass screw-plug, in order to afford access to it 
for purposes of cleansing it and removing obstacles such as pieces 
of flannel, hair, stumps of lucifer matches, etc, which frequently 
get into the pipe. The trap should always be formed in the course 
of the pipe itself, the continuity of the circular bore being carefully 
preserved. Excellent cast lead pipe-tra[)8 of various diameters, with 
suitable screws insjiection-holes, are manufactured expressly for the 
purposes above referred to. 

see^-whut are the best form of ciHiems ^ 

Si())ion waste-preventing cisterns are to be especially com- 
mended. 

867- — Where sJunihi the overflov>piite from a cisferti end 

It should never lead directly into a soil-pipe, sewer, or drain, hut 
should end above giound over a trapped and ventilated grating. If 
tins were always attended to, no sewer gases could find their way 
to the cistern through this channel. 

868 ’ — What fthonhl hr ihr diameter af the waste-pipe '' 

If the waste-pipe has a diameter of IJ inch, this will be suffi- 
cient even for baths, and if two or more be joined, they may discharge 
into a somewhat larger pipe . a good arrangement is then to cany 
a ventilating )u*pe from the iipjier end of the common pipe, to some 
convenient position above the level of the windows. 

869 — What precauiimw shcnild he observed as regards the semcc- 
plpes from the cinteni ? 

The service-pipes from the cistern should be so arranged that by 
means of a stop-cock immediately under the cistern, or as near there- 
to as possible, the water may he shut off from the pipes, and they 
may he empti<;*d whenever necessary, either for repairs or on 
the approach of frost. This is a most useful arrangement, and one 
that ought not in any case to he omitted. It is necessary to observe, 
moreover, that in fixing the pipes, every pipe should be so arranged 
as to allow it to empty itself completely when the supply has been 
shut off at the cisteni by means of the stop-cock above referred to, 
and when the tap at the outlet has been opened. Water-pipes, as a 
rule, should not he fixed in positions where they are specially liable 
to draughts of cold air ; hence they should not be placed immedi* 
ately beneath a window, because in cold weather the current 
of cold air passing downwards from the window, even though 
the window bo closed, is very liable, under certain conditions, to cause 
the water in the pipes to freeze. 

Pipes for conveying water from the main supply-pipes in the 
roads are, in liondon, almost invariably of lead. Tne bye-laws of 
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tloke metropolitea wator ocHopauies o<»npel the use lead pipes when 
hjted under-f^Tound. 

870. — What ia the heat method c/ treating the waate-pipea cf da^ 
tema ? 

To carry them through the external wails and leave them open in 
that situation, so that, on the one hand, no unwholesome emanations 
can enter the cistern, and, on the other, the waste of water i^ulting 
from a faulty ball valve is at once seen, and cmi be remedied. But 
the wastes of sinks, lavatories, and baths must be differently dealt 
with. Unless the sink is of the kind known as a slop-sink, and 
used for disposal of urine, a circumstance that requires it to be 
treated as a water-closet, all wastes should be made to discharge 
over trapped gullies in the open air. Such disconnection renders it 
impossible for the air from the drain to enter the house. 

a part of tlie water-aupply system in which great 
waste occurs ^ 

In water-closets. Many engineers are of opinion that the 
great waste which is sometimes complained of, is owing to water- 
closets. 


WfZ-Whai am waste^waler preoentera ^ 

They are rectangular boxes holding a definite amount of water, 
and usually so arranged that they may be emptied on the siphon 
principle. Each time the closet is used the quantity of water in 
the “ preventer” is discharged into the pan. This contrivance pre- 
vents the water being turned on and permitted to flow indotinitely. 

B73—Whai is the qiuuiiity of xvater legally prescribed to flush 
a IF. O. / 

Two gallons. 

this sufficient ? 

Only if the pan is of perfect construction and the pipes 
are well laid and not too remote from the surface sewer. 

875. — What mewna are adopted to present tvater-cloael waste in the 
waier-doaeia ^ 

In towns with a constant supply, small cisterns, termed water- 
waste preventers, have been intr^uced, to permit only a certain 
amount of water to dow into the pan each time the closet is use^ 

. 878.-8^1 « the greaJt objection to a large number of these wa$ia» 
water pretfenters t 

They are generallv too small, so that neither the pan nor the 
soil-pipe is thoroughly flushed, and there is the consequecit risk 
of Mth, accumulation. 
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977 .- 1 $ there cmff danger in swpplgmg the water-closet with waier 
from the general cistern of the house ? 

There is considerable dangery-^-unless the closet have adapted 
to it a “ waste- water preventer,” or the pipe between the cistern and 
the water-closet is kept constantly full of water— the supply valve 
should be attached to the water-closet and to the pipe. In cases 
where the supply valve is at the cistern end it is impossible to keep 
the water pure, as the pipe between the cistern and the basin, in the 
intervals of use, is full of gas drawn up from the basin and closetyand 
the next time the supply valve is opened, the gas bubbles up through 
the cistern water, much of it is, of course, absorbed. The water- 
closet should always have a separate cistern. 

The supply-pipe is always furnished with a stop-cock or valve, 
raised by a floating ball, to cut off the inflow when the cistern is 
nearly full. Of these there are a great many patterns to be found 
in catalogues, but ball valves have nearly superseded ball cocks, 
lieing less liable to get out of order. Among the best is that of 
Tylor and Sons, in which the jerking caused by the agitation of 
the water as it enters, which is often very great, is borne by 
the lever only. Uuderhay's equilibrium, and Tylor's high pres- 
sure ball valve, both working horizontally, permit of a full 
stream passing until the cistern is all but full, and the latter 
is specially suited for sustaining a high-pressure. A very cheap 
and ingenious form is the wedge ball valve of Flood & Co., of Black- 
friar’s, which w’orks well under high and low pressures, and with 
hot or cold-water. The loose ball valve of Guest and Chrimes, 
of Rotherham, working on a metal seat by means of a screw so 
threaded that it is operted and shut by very small variations in the 
level of the water in the cistern, is also deserving of notice. 

878 . — How may the water of small houses he used to flush drains ? 

In small houses the water which is discharged into the soil 
drain is sufficient to remove its contents, but otherwise this can be 
accomplished by a flush tank which periodically discharges the whole 
of its contents into the drain. This tank consists of a cistern which 
contains a large outer tube closed at the upper end and inverted 
over a small inner tube thus forming a siphon. The inner tube 
is open at the top, and passes vertically down through the tank 
to dip slightly under the surface of water in a chamber below the 
tank, the water in this lower part being kept at the required level by 
means of a weir, practically forming a D trap. As the water rises 
in the tank from the discharge into it of a tap of a drain, some of it 
eventually runs over the top of the inner tuM, air is forced through 
the water and cannot return, siphon action is started, and the whole 
contents of the tank areempti^ into the drain. 

^ TFlbat are the conditions of water which affect the ouetftdn cf 

““ ihe meUerMs of cisterns in houses f How is watmr in 

14 
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home cuiema likely to become polluted ? Wluxtpremu'^ 
tion should he toJcen to guard against such pollutions ? 

It is i^nerally considered that the conditions of water aifecting 
the materials of which cisterns are con str acted are : — 1. Its softness 
er hardness. 2. Water containing nitrates, chlorides, and organic 
matter, having a tendency to dissolve lead, should not be stored in 
Cifitems lined with that material. 3. "Water containing substances 
such as salts of nitric or nitrous acid, or large quantities of organic 
matter, dissolve portions of zinc, therefore it is advisable to avoid 
its use. 4. It should be remembered, however pure the water may 
be, if left in contact with new bright lead, the atmospheric influence 
is such as to cause oxidation, or, in other words, a coating of leaden 
rust, which dissolves in water, and may be the cause of lead 
poisoning. 

Water in house cisterns is polluted in various ways. Sometimes 
the cisterns are placed in out-of»the-Tvay places and difficult of access 
for cleansing purposes. They are thus left, seldom or never cleaned 
out, causing the water to be contaminated from the uncleanly state of 
the cistern. They are found without covers, and therefore open to 
all sources of contamination. They are often fixed without due regard 
to ventilation, thus any foul gases with which the air may be charged, 
are the more readily absorbed by the water. Vermin is occasion- 
ally found in cisterns not properly protected, and perhaps not dis- 
covered ere the last stage of decomposition has sot in, thus causing 
an examination of the cistern to discover the evil. 

Water in cisterns is also affected by the materials used in the 
construction of same. To guard against such pollutions, slate cisterns 
are advisable, provided they are properly constructed. Let the 
cistern be protected with a properly constructed ventilating cover, 
and placed in such a position that it may always be easily accessible 
lor cleansing purposes. And lastly, cleanse the cistern at least 
twice a year. 

880 .— are the most common sources of water-contaminatkn% 
in house cistmms ? 

1. Sewer gases from the overflow-pipe passing down to closet 

or (^in. 

2. Accumulations of dirt take place from neglect. 

3. Rats, mice, cats, etc., fall in and putrify. 

may the impurities of Jwuse^stored water he lessened to 
some extent ? 

By fitting on to the house cistern, some form of specially made 
filter ; so as to render the water ready for use on domestic delivery. 

392.— Mow is the water conducted to amdfrom ihe reservoirs f 
In pipes, 

888.— Cy what are the pipes eonetructed in hoUh cases f 
\ The pipes exo composed of iron, masonry, or earthenware, 
Inr ^(lie larg^ pipes or mains, the iron being sometimes tinned or 
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galvanised* or lined with concrete, or pitched, or covered with a 
vitreous glaze ; for the smaller pipes, iron, lead« tin, zinc, tinned 
copper, earthenware, gutta-percha, etc,, are used. 

884t.— ir//f6i is tiis hesi material fur water maim and all l0/rg0 
pipes ? 

Cast-iron, ^rhis is even the best material for .small pipes, on the 
constant system on liccount of the high pressure which the pipes 
have to sustain. 

BSB- — }VJuU forms of (uiucduvis ore in use ? 

Open masonry channels, but chiefly cast-iron pipes. 

886. — fiToir are these pipes laid ^ 

Two or three feet under the surface to protect them from frost. 
They are lined with pitch or some other material to prevent cor- 
rosive scouring. Valves and air vents are placed at interval .s and at 
all bends or summits. 

The aqueduct may be an open channel, but it usually consists of 
iron pipes buried two or three feet in the ground as a protection 
against frost. The pipe aqueduct may be lined with pitch or other 
anti-corrosive, and being water-tight, its course is not necessarily 
downward at all points. Means of access are provided at short 
intervals for cleansing purposes, and if its course is undulating, 
sluices are needed at the lowest points for scouring out debris and 
air vents at the summit. 

887 - is the best material for mains ^ 

Cast-iron ; nothing else can stand the pressure in the constant 
aystem. 

888. -lV/m/ is tJui best material for snb-noiins 

Cast-iron. 

889. - 0 / wlait fomi of iron are water viains made ^ 

They are constructed of cast-iron, of a soft and tough quality, 
Great attention should bo paid to mould iug them correctly, so that 
the thickness may be exactly uniform all round. Each pipe should 
be tested for air-bubbles and Haws by ringing it with a hammer, 
and for strengtli by exposing it to double the intended greatest 
working pressure. 

Cast-iron is at once comparatively cheap, diimble, and in- 
nocuous; the water may, however, be fouled by defective caulking; 
Spence’s metal employed by some companies is free from this objec- 
tion, since no oakum or other caulking is reauired, as it is with lead 
joints. Cement joints are also safe, but liable to leakage or absorp- 
tion of pollution from the soil. 

990. •^What is ilie special objection (jLgmnst costa' I'on mains t 

They are subject to much rusting and corrosion, especially 

iHum the water is soft. 
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what Tide may the eirenyth be roughly estimated f 

Bj the rule that the thiokness of a caat-iron pipe is to he less 
than a mean proportional between its internal diameter and of an 
indh. 

802 * — Qive a more ntcuraie means of estimating tliS strength thm% 
this? 

The limit of safety being 6 times the working pressure the thick- 
ness divided by the direction eciuals the greatest working pressure 
or a foot of water divided by 12,000. 

«•# . t * n A A I • one foot of water 

Thickness — Greatest working pressure = — ’ 

1 2,0Uv 

The capacity t>f pipes must be adopted to the greatest hourly 
demand. 

093- — Hov’ is the size of the main service pipe regnUtieil f 
The size of the main service pipe from the water company's 
main is usually fixed by the company. It must, however, vary with 
circumstances, such as distance, amount of storage, size of house, etc. 
Between the main and the first branch pipe a stop-cock should 
be fixed, so that in case of accident the water may be turned off 
entirely. Another stop-cock or valve i.s required by the London 
water companies to be fixed outside the house, for the use of their 
officers onty. [It is also advisable in oases where there are several 
cisterns, and more especially where there is a constant service, to 
have a stop-cock fixed in connection with each baH valve, so that the 
water can 1>6 turned off from any one cistern without interfering 
with the others. In case of a cistern requiring to l>e cleansed, this 
arrangement will be found of service. Joints in lead water-pipes 
should always be of the form known a.** a wiped joint. This 
joint is formal by inserting the end of one pipe, tlie edge of which 
has been previously rasped down, about 1 to f of an inch into the 
other. The joint is then covered with molten solder until a sufficient 
thiclmess is obtained, when it is wiped round with a specdal kind of 
cloth. This kind of joint is the most durable for ordinary purposes 
of plumbing ; for pipes for conveying water it is, indeed, the only 
one permissible tinder roost water companies* regulations.^ 

The thickness necessary for an iron pipe to sustniii a given pres- 
sure is found by the formubo — 

thickness t ^ P 1 

dimeter d 12000 

where P is pressure in feet of water, and i the factor of safety tt 
6 times the working pressure or 12,<>00, or in other words, the 
breaking load is six times the working load. 

04.~~TF]feo/ shottid he the minimum IhieJtness of raei4fon pipes f 

The thickness of a cast-iron pipe should never be less than 
{ ineh, they are nsnally in lengths of 9 feet, exolosive of the tmotosL 
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99B»-~Wh<U i$ the length of pipe required for large towne f 
Aboat a mile of pipes for every 2,000 or 3,000 inhabitants. 

390 . — Does the cost of pipes increase uniformly with the quantity f 
The cost of the pipes through which the water is conveyed does 
not increase uniformly with the quantity ; but only as the f power 
of that quantity. If the cost of conveying 100 gallons be A, tiie 
cost of 200 gallons will be 2}, A » 1*32 A and that of 300 gallons will 
be 3f, A»r55A. That is if 100 gallons can be conveyed for£l 
three times that quantity can be conveyed for l/4->and so on in the 
same proportion. The cost of conveying a determinate quantity of 
water through pipes decreases as the total cjuantity increases* 
Tliere is always a great advantage in concentrating the quantity of 
water to be conveyed instead of dividing them among a number of 
smaller mains. 

897.— may ice vah'ulaie th^ discluirge from water-pipes ? 

By first finding the velocity of the discharge, which is, 
Headxdiam. of J>ipe 
length of pi}>e 

in feet,theu taking the square i^oot of the result, multiply this by 50 
the product being the velocity in feet per second. When the velo- 
city X the area of the pipe, in feet, is equal to the number of cubic 
feet discharged per second ; and this multiplied by 6*25 = number 
of gallons. [The area of the pipe is equal to the square of the diam* 
eterx*785i,] 


898 — Give <in example of this. 


Head, ;^2 feet. 

Diam. of pipe | foot. 
Jjength of pipe 100 feet. 

= ., 0 . 
iw 


♦Sejuare root of 10 == 4 and *4x 60 = 20. 
Velocity therefore is = 20 feet per second. 

Ijot the sectional area be = Jth of a foot. 

Then 20 x^ = 4. 

Discharge therefore = 4 cubic feet ; 
and 4 X 0*26 =: 26. 

That is 26 gallons j>er sci‘ond ; this is in straight pipes. 


898.-/?y wluxi idher formula may v:e calculate the volume ofwatet 
discharged from a jdjw t 
By the forraulaj-^ 


39-27y/’‘i" = 


V in cubic feet per second. 


Where b = head of pressure, 
d diameter of pipe. 



if« WAn». 

9QO.-**Om an emmph of the toofkk^ of this formula ? 

Tke diameter df a pipe is 1 foot, the head of the dow 9, and the 
V^gth of the pipe WW feet ; what is the volume of disoharge P 

; 39-27 X ^=39 27 x \/ ^1=1-242 cubic feet. 

Mix . — Caictilate diameter of a ini^e necessary to convey tracer to a 
tomi 0 / 2,000 inhabitants from a reservoir 5 miles distant, 
*• toith a head of tcater of 50/eef. 

With 30 gallons per head 60,000 gallons are needed every 
^ hours or 42 gallons a minute. 

One of the formula given for this is : — 

784 “79TxT0 =1 

d = , 

d = 4 inches (approximately) which is the diameter of 
the pipe required.f 

902 - — Where are crifft-irmi pistes jwirtienlnrhf suit rd ^ 

For conveying small quantities of water ^rora great heights. 

903 . — By ivhnt ftyrmnla may v‘e calcnlnte the required thickness of 
a jnpe f 

Multiply the pressure in pounds per square inch by the diameter 
of the pipe in inches, and divide the product by twice the tensile 
resistance of a square inch of the material of which the pipe is 
constructed. 

When water is brought into a town from a considerable dis- 
tance, whatever be the sources, the conduit or channel in which it 
is conducted, has to be of a certain discharging cnpacity, which is 
reduced to a minimum if it he made according to the average 
demand, the conduit being of course in constant o|iei*ation. But it 
must be remembered that the water is not cx>nsiiraed in the town 
at a uniform and constant rate. In roost cases the draught upon 
the roains from 8 o’clock in the morning until no<>n is from two to 
two and half tiroes the average ronsuraption. 

90 ^- — What slundd he the dimension of the main r.oiduits in toiV7is ? 

As the greatest hourly demand for water is about double the 
average hourly demand, the main conduits supplying a town must 
have double the discharging capacity which would l>e reipiired if 
ibo hourly demand were uniform. 

905. — Hotc might the diffienify of great dminnd at porUeular 
times he met apart from vsing large-sized mains ? 

I’he additional expense in piping which would bo thus entailed 

fifth root may he found by logarithms, and with reference to thk 
divide logarithm USB hy 5 and rs-eonveri; 

tFor definttiem of d, G, L, and H, see Ko. 910. 
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is sometimes so great, that distributing basins or town reservoirs 
are instructed to supply certain districts. 

906 > — Are mathematical calculations as to thichness of pipe 
quired ahsolutehf correct ? 

Not quite; for in calculating the requisite thickness of a cast* 
iron pipe under given conditions, it must be borne in mind that, 
whatever care is taken, it is impossible to keep the core always 
perfectly central, and that therefore a pipe will have an excess of 
metal on one side, and a corresponding defect on the other. And as 
the strength of a pipe depends upon its weakest part, due allowance 
must be made for this defect. When all the imperfections to which 
a cast-iron pipe is liable are taken into consideration, it will be seen 
that, to obtain perfect security from accident, the factor of safety 
must be taken large. Many engineers take it at six, others at ten, 
the latter we think the most prudent course. The passage of heavy 
traffic along the roads, and the turning off of cocks frequently 
bring a sudden strain upon a pipe, which the nature of its material 
is ill-adapted to hear. Tt is a common pnuitice for Engineers to 
calculate the weight of a pipe of the requisite thickness and to 
Specify the weight rather than the thickne.ss, leaving the founder to 
fix that for himself, which long practice enables him to do with con- 
siderable precision. Absolute correctness, of course, cannot be ob- 
tained, and a margin of 1 lb, to an inch either way is usually 
allowed. 


907 ffoic may the u'eight of a rn^l^irou pipe he found T 


The w’eight of a cast-iron pipe may be found by multiplying 
the cuhicnl contents in inches by *26 lbs. the w^eight of a cubic inch 
of cast-iron, or the weight of a yard may be deterrauied by the 
following formula : — 


W=7 Jl") (!)'■*— -d*), in which D represents the outside, and d 
the inside diameter in inches. The w eight of two fliwiges is equal 

to about 1 foot of pipe, the faucet adds from to of the weight 


of the pipe. The usual length of a cast-iron pipe, exclusive of the 
faucet, is 9 feet. Suppose now 10 in. pipes arc required, capable of 
bearing safely a pressure of 400 feet of water. We have shown that 
in this (‘asc the requisite thickness is 5 in. The outer diameter will 
therefore he ll{ in. Hence the weight of the whole pipes will be 
2205x26 56 


3x7*35 (12t>‘56-~100)x 


15 


-- =: 624 lbs. taking the weight 


of the faucet as 


i that of the pipe. 


The weight specified to the 


founder will thus be 5 cMrt., 2 qrs., 8 lbs. And allowing a margin of 
1 lb. to the inch of diameter, the pipe delivered may be anything 
between 5 owt., 1 qr„ 26 Iba., and o owt., 2 qrs., 18 1 m. 
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008 * — Wbai should be ihe site cf the branch pipes ? 

The ratio of the diameters of branch pipes varies as the fifth 
root of the voittme squared. 


909. — In lar^e towns what should be tfie total length of ilhe distri^ 

buttng pipes ? 

Approximately, distributing pipes may be taken at 1 mile per 
S.OOO persons. 

910. — What should be ilte maximmn velocity of iraier in a pipe 

or fnain f 


Three feet per second. 


911. — How may we calculale the delivery of water through pipes ? * 
By the following t wo form ulae : — 

/ d® X F 

(1) G==*28a / — ^ — = supply in gallons per minute. 


G* ^ ^ f -I . • i. • • 

(2) “==^“734 4* ^ head in feet to overcome friction. 

Where, d = diara. in inches. 


G =: supply in gallons per minute, 

H = totfiJ head above point of discharge in feet (or fall 
in a given length, L). 

L =: length in feet (or distance from source to delivery). 

For example, calculate the diameter of a pipe necessary io 
convey water to a town with a population of 2,0CK> from a reservoir 
five miles (26,400 feet) distant, with a head of water of oO feet. 

Allowing 30 gallons |>er head, 60,000 gallons are recpiired for 24 
hours, or 42 gallons per minute 
From formula (2), 


_ G« X L _ 1764=26400 
^ 784H ""7^X00 

d ^1188. 


The fifth root may be found by logarithms (divide log. 1 18805 and 
re-convert;; fifth roots are also given in Molesworth’s and other 
Engineering tables d = 4 inches (about) = diam. of pipe* required^f 

9X2. — Are hydraulic for niulce accurate ? 

For all practical purposes they are approximately so, but as they 
are the result of mere experiment they vary within wide limits. 


B13.-What is the resistance which « ^2•inch pipe offers ? 

The resistance wdiich a pipe offers to the internal pressure tend- 
ing to burst it, is equal t<i the cohesive strength of its two sides, and 
the effective area ol that pressure is the internal diameter of the 


• Cambridge University Sanitary Scieiiee Pi^r, 1687. 
t D. 8. Davies, m.b.d.p.h., Camb., In the Medical Annual, 1890. 
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pipe. If the tensile atrangth of oaat-iron is taken as 15,000 Iba. to 
the aqnare inch, the thickness of a pipe to be subjected to water 
pressure will be given by the formula. 

914. — PTW x$ tJie effect of friction in •pipes ? 

The effect of friction ” is = “ loss of head ” ; the flow is 
retarded and the water will not spout up to the same height as at 
the source ; the effect of friction is greater the smaller the pipe. 

915. — What effect have bends and curves in pipes ? 

Bends and c urves likewise retard the flow. In an angle of 
40^ the ** loss of head ** is equal to \th of the original head ; at an 
angle of 60^ it is = one-third and at an angle of 90^ it is almost = the 
original head. 

916. — How do curves affect the Jloto in pipes ? 

“ Curves ” retard the flow very much. In an angle of 40® a loss 
of head is = |th of the original head. 

An angle of 60® it is = one third. 

An angle of 90® it is almost « the original head. 

917. — What is the result of this ^ 

That in such cases the water will not rise so high as the origi- 
nal head, if it can get out before ; but still, if conducted in a pipe» 
it will rise to the original height. 

918. — Of wliot else may pipes be constructed ^ 

Pif>eB of artificial stone are now made. Iron is the best material 
for the larger pipes, and iron or non-metallic substances for the 
smaller pipes. 

Cast and wrought-iron pipes can be used, and Mr. Kawlinson now 
orders no others. The iron can be glazed internally. Iron pipes 
coated inside with Angus Smith's bituminous varnish are now used 
a good deal, but the tarry taste lingers in the water a long time. 
Copper-tinned and block-tin are also employed, and both are excel- 
lent, but are rather expensive. In some cases the tin is eaten 
through, but this ij not common, except w ith well-waters contain- 
ing nitrates. 

The iron can lie glazed internally. Copner-tiimed and block- 
tin are also employed, and both are cxcelletit, but are rather 
expensive. In some cases the tin is eaten through, but this is not 
common. 

919. ~~TrAa< is required in summer months as regards the streets of 

most larger towns f 

It is necessary during the summer months to distribute water 
ovw the streets in order to mitigate the inconvenience arising from 
clouds of dust ; to cool the atmosphere, and to assist in flushing the 
drains. Hydrants, which can be also used to communioate with 
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fire-hose or stand^jmte, are therefore attached at certain iifterrale 
to the midns ; and in estimating the quantity of water required in 
any T>articular town, the quantity i^nired for Bres and street- 
watering must be taken into account. 

920. — la arranging a main pipe from pumps, what should he ike' 

sectional capacity of the pipes f 

Sufficient to allow of the velocity in the main pipe not exceeding 
8 feet a second, as friction increases in proportion to the velocity, as 
is shown by the law governing the delivery of water from pipes 
under pressure. 

921. — Whatprecattiions shotild he adopted as regards covered 

reservoirs and tanks, and supply-pipes ? 

Covered reservoirs and tanks should be ventilated, and all 
Bupply-piijes arranged in such manner as to allow of easy inspection 
and subsequent repairs. Stop taps should be placed between the 
main and the building in all cases, so as to allow of isolation of any 
line of service pipe for repairs. House service tanks service pipes 
ought to be fixed so that the rooms cannot be Hooded in case of 
leakage or overflow, and ready means of access to all tanks and cis- 
terns must be provided to allow of inspection, cleansing, or repairs. 
Up-bends should not be formed on lines of main pipes or on service 

J npes If up-bends are inevitable, air valves have to be provided to 
et out the air at the up-bends. Bends at right angles on pipes are 
to be avoided, and the pif>e brought round in a curve instead. 

922. — What is the Iwst form of covered conduit with uniform flov* of 
water t 
Circular. 

923.- TFW are the essmtiaJ requirements as to the construction 
of iron pipe ^ 

Uniformity of thickness, freedom from flaws and air-bubbles. 

924. — Wliai should be the position of street mains ^ 

In wide streets, or where the traTjc is extensive, there should 
be a service pipe on both sides, so as to make the hou.se pipes 
short, and to render the service pipes accessible without interfering 
with the traffic. 

925 - — Ho far does the presence of phosphorus in iron affect th$ 
pnqyeriies of the iron f 

The presence of phosphorus in the iron renders it brittle, and 
very liable to fracture; this quality is technically known as cedd 
short. Cold short iron should never l>e used for pipes. The pre- 
sence of i^senic, on the contrary, is said to improve the quality of 
iron. It is perhaps scarcely necessary to state that castings for 
^pes must be kept free of scoria and air-bubbles. The presence of 
She latter may often be detected by sounding the pipe in every part 
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tritk a hammer. Whenever an air*babble is detected, or even of its 
inres^ce is snspeoted, the pipe should be thrown aside as dangerous 
if it is subjected to considerable pressure. To prevent air-bubbles 
remaining in the metal, pipes are often cast with a head, that is, 
with a mass of metal above that requisite for the pipe itself. This 
head compresses the mass below, and receives the air-bnbbles which 
ascend into it. Wlien the casting has cooled, the head is cut off. 
Pipes produced in this manner are stronger and much more trust- 
worthy tliau those cast without a head. 

is the usual means of consiru-cting long mains ? 

A long main is usually composed of pipes of different sizes, and 
in computing the discharge of such mains, the head for each must 
be separately calculated, and the total sum taken. Suppose for 
example, we nave a main consisting of 500 yards of 8 inches, 200 
jrards of 7 inches, and 100 yards of 6 inches pipes, through which it 
is reuiiired to discharge *200 gallons a minute For the friction of the 
8 inches pipe wo ro(^uire a head of 2*50 feet, for that of the 7 inches a 
head of l '9dft., and for that of the 6 inches a head of 210 ft. The 
total head requisite for the whole main is 2*50 4-1 *06 4-2* 10 = 6*56 ft. 
To this must be added the head due to the velocity of entry, and 
if there are bends, that due to changes of direction. 

937 . — Whai are fJie causes of waterflow in pipes ^ 

The head duo to friction and to the resistance offered by l>eiids 
and the head dne to the velocity of entry. In long mains, this quan- 
tity is HO small a proportion of that duo to friction that it may be 
neglected without sensible error; hut in short pipes, it may be 
much greater than the head due to friction, and therefore, in such 
oases, it cannot, of course, he neglected. 

938 - What resistance do the waits of iron pipes offer to the 
passage of a water f 

In every system of town water-supply or drainage, the friction of 
the water in the long succession of pif>e8 through which it is conveyed, 
causes a considerable diminution in the quantity discharged under a 
given head of pressure, and the extent of this diminution, or. as it is 
usually termed, the loss of must bo ascertained before the 

diameter of the pipe requisite to convey a certain volume of water 
can be determined. It has lieen found by experiment that this 
friction depends on the velocity of the water and the diameter of 
the pipe, and that it increases very rapidly with the velocity. 

939 . — what way may water he polluted in the mains f 

Follntion would occur either through defective joints in the 
mains themselves, or by the open ends of the house service pipes 
which they supply. It would happen from either cause at such 
times as the mains are partially empty, as, for instance, when, under 
♦he intermittent system of supply, the water has been “turned off,'^ 
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and tlw draught of water from the lower part of a main has created 
a partiai Taeoitm at the upper end« At such times sewage escaped 
frotn the sewm* and coal gas from leaky gas pipes, have l^n drawn 
through bad joints in the mains, and filth from privy pans, and even 
blood from slaughter-houses, besides foul air from various souroest 
have been sucked in by the service pipes. 

930. — What precautions are necessary to fn^eveni such pollntion f 

The adoption of the system of constant service (carried out in 
its integrity) both diminishes risk and renders the detection of 
possible sources of pollution more easy. By waste- water meters 
and other appliances, defects in the mains can be localized and 
amended ; the disconnection of w^ter-oloset from house service by 

service boxes ” for the prevention of waste, the stronger pipes and 
better fittings rendered necessary, all tend to diminish risk of 
pollution. 

Water may be fouled in the “ dead ends of mains little used 
by the constant deposition of iron rust and suspended impurities. 
But in a well-devised system the pipes will be so laid as to main- 
tain a constant circulation throughout the system or section of a 
system, and any “dead ends'* unavoidably retained, frequently 
flushed. 

931 . — In cvn open channel^ what is the loss of head of the water f 

In an open channel the Iok.s of head is the actual fall of the sur- 
face of the water. 

9B2. -Where is in-suciion likely to arisf* f 

Buchanan has shown that there is danger of in-suction if a 
perforation exists in a descending pipe, and especially at a point 
of constriction, even if the pipe is constantly full. 

933. — Is there any other risk to a jniblic water -eupply f 

Yes, that of the direct connection of water-mains with closet- 
pans. In Warwick and Rugby, Dr. Whitelegge found that nearly 
one-fonrth of the closets were flushed directly from the main by 
means of stool-coc'ks, and on his recommendation the whole of 
them were disconnected. As a consequence of this precautionary 
measure, although the water-supply was made intermittent in 
Warwick during three months of last year owing to continued 
drought, the town continued entirely free from enteric fever, nor 
was there any excess of diarrhoea. 

934. -lf7«it is the construction of the filtering block of ** silieated 

carbon** f 

The Altering block of the Silieated Carbon Company consista 
of 75 per cent, of charcoal and 22 of silica, with a little iron oxide 
and alumina. It it cemented into a vessel which it divides into two 
obambers, the one containing the Altered and the other the unfil« 
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tered water. This filter is found to work very efficiently, and with 
a little care retains its preppies for a long time. The filtering 
material of the maqmtic carbide filter is prepared by heating 
haematite with sawdust, and has all along been highly commended. 

935. -Tf7wi^ are distribtiting conduits and mains and kow are they 

constructed ? 

Distributing conduits and mains convey the water to all parts 
of the district, and pass beneath the streets. They are similar in 
construction to the main aqueducts, and have “ scouring valves *' at 
all dead ends in order to wash out sediment. They should be kept 
as far as possible from the sewers and gas mains. Hydrants are 
provided at short intervals for use in case of fire. 

936. — What gualUies of earthenware pipes are in use ? 

They are of various qualities as to texture, from a porous ma- 
terial like that of red bricks, to a hard and compact material, which 
is glared to make it water-tight. They are m^e of various diam- 
eters from 2 inches to nearly 3 feet, and in lengths of from 1 foot to 

feet. The harder kinds have considerable tenacity, and are capa- 
ble of bearing the dead pressure of a high column of water ; but 
they are so easily broken by sharp blows and sudden shocks that it 
is not advisable to expose them to high pressures in situations where 
their bursting might cause damage or inconvenience. Hence their 
chief use is as small covered cemduiis for purposes of drainage* 
Their joints are most commonly of the spigot and faucet form, being 
made water-tight, if necessary, with cement, or with a butumiuous 
mastic. Another form, very useful to facilitate laying and lifting, 
is the iliimhlefohil The lengths of pipe are plain hollow cylinders, 
and the thimble is a ring emuracing and loosely fitting the adjoin- 
ing ends of a pair of lengths. Sometimes the thimble is in two 
semi-circular halves ; and sometimes each pipe has on one end 
a halMaucet, which is laid downwards; the end of the adjoining pipe 
rests in the half-faiicet, and the joint is completed by a half- thim- 
ble above. Curved and acute-angled junction-pieces are made ; so 
also are right-angled junction-pieces ; but these last should never 
be used. 

93y.~~ir/?af ts Dr. Huch ananas opinion in regal'd to in^ctm'&nis in 

He stated : ** 1 find (1) the lateral in-ourrent is freely produced 
when the water-pipe is descending, and when the pipe beyond the 
hole is unobstructed ; (2) if the force of water- flow in a descending 
pipe be moderate, a moderate degree of obstruction beyond the bole 
dem not prevent the in«current; (8) in horisontal pipes of uniform 
calibre, wnen the flow is strong, or the pipe beyond^ the hole is 
kmgy or when the end of the pipe is at all turned upwards, the in* 
current does not take place ; but (4) momenta^ interference with flow 
c ^ 9^9 or momentary reduction of obstruction o allows of a 
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raomeniAxj in-current through the hole; (5) in-current through a 
lateral hole takes place with inoomparablj greater ease when the 
hole is made at a point oi constriction of the water-pipe.” 

938. -~Ia tlie constant service free from the possibility of in- 

currents ? 

Even with a constant supply there appear to be certain dan- 
gers depending upon possible in-currents from leaky mains, espe- 
cially when these are in juxtaposition to sewers or drains which 
have hitherto escaped the notice of engineers. 

939. — pipes he tested before being used ' 

All pipes before being used should be tested by hydraulic 
pressure up to three or four times the head they will have to bear. 
•Iliey should also be carefully iiing all over the surface with a ham- 
mer to detect the presence of air-bubbles. As to appearance, they 
should show on the outer surface a smooth, clear and continuous 
skin. When broken, the surface of fracture should be of a light 
bluish-grey colour and close-grained U^xture, and both colour and 
texture should be uniform. It may be remarked, however, that the 
colour will be somewhat lighter, and the grain closer near the skin, 
in consequence of the chilling which takes place there in casting. 
The iron should be soft enough to be slightly indented by a blow of 
a hammer on the edge. 

— 'l^hat are the chief points in j>onneetwn with ma'nu f 

That the material of which they are composed should not defile 
».he water, that they are of sufficient strenj^h and size, and that 
♦“hey are water-tight. 

94^1.' -Jn the constant system, what hit of apparatus shotM be 
between the main and the house pipe ^ 

A “ screw-down tap of good make to bo placed at the entrance 
of the pipe into the house. The tap should be in the t are of the 
OCCupiCT so that be might turn off the water in case the pipe bursts, 
or empty it during frost. 

949 . — Describe the necessary condition of the disti Uniting eond nits 
and odter communications ? 

The distributing conduits consist of cast-iron pipes, and am 
coated, like the aqueduct pipes, with pitch, or Dr. Angus .Smith’s 
Tarnish, to preserve them from corrosion. The same details with 
regard to sluice-cocks and stop-cocks arc observed in the differeuti 
bends of the tracks, with this addition, that the dc^ad ends or temi^ 
nations ol the branch and main conduits are supplied with scour* 
ing valves, through which atones and sediment can Ije washed. 
|n wide stmeta, or in streets with much traffic, there is generally^Ui 
i|e^ice pipe lor each side, in order that the house pipes may he, 
fa short as po^ible, and may be acoe^ble without disturbing the 
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The house serrice pipes are usually made of lead, and 
though they are liable to be acted ^pou by some waters, the readi- 
ness with which they can be adapted to all the bends and curres 
rendered necessary in carrying tne piping to different floors of 
houses, gives them a preference to all other kinds of metal pipes. 
The waters which act most on lead are the most highly oxy- 
genated, and those which contain organic matter; those which 
act least on it contain carbonic acid, calcium carbonate, and calcium 
phosphate. Polluted shallow well-waters are especially dangerous 
m this resiiect, because they act on it violently and continuously, 
and hence leaden pump- pipes should never be used. Various means 
have been proposed to protect the lead from corrosion, such as coat- 
ing with bituminous pitch or with coaltar; but when the quality 
of the water renders lead pipes objctionable, cast and wrought- 
iron pipes make the best substitutes, or composite cylinder pipt^ 
may be used. These pipes consist of a separate tulxj of pure 
block-tin encased in lead, and the union of the two is so perfect that 
no amount of torsion will separate them. 

94k3 ‘ — Does coaihig the interior with tin protect these pipes, and 
overcome tits diffimty of rusting ^ 

It does not; washing the interior with tin is not successful, since 
the thin layer of tin givee* at every bend, and the galvanic action 
set up by the two metals hastens their solution. 

944 - May the same he anid of hlorkdin pil>e8 ? 

No, block-tin pijK .s cased in lead (Haines’ patent), and those 
made by Messrs. “VVaiker, Parker d' Co., on the contrary, resist any 
amount of torsion, and are a perfect success ; care must, however, 
be taken in junction that no part of the lead be exposed to the cont/act 
of the water. Professor Emerson iieynolds states that an alloy of 
lead with per cent, of tin is not attacked by water, and is used 
with good i*esult8 in Dublin and Glasgow. According to Dr. Parkes, 
ainc pipes, into the composition of wdiich lead enter.s largely, are 
rapidly dissolved; and lead pifies if used should not be bent against 
the grain so as to expose the stmeture of the metal. 

945. — ]VhcU IS the of distnbuting conduits and maim ? 

They convey the water to all parts of the district, and pass 
beneath the streets. They are similar in construction to the main 
aqueducts, and have “ scouring valves ” at all dead ends in order to 
wash out sediment. They should be kept as far as possible from 
sewers and gas mains. Hydrants are provided at short intervals 
for use in case of Are. 

‘Should U^ere he any openings in water nuiins ? 

Yes; (a) scouring valves in valleys, to get rid of any sedi- 
mentary matter ; {h) taps about every half mile to permit of repairs ; 
to) vtdve cocks at the summits of hills and eniineneos, to give exit 
to any air that might collect. . . i ^ 







{fabxi^ 


is less. Each pipe leaving the cistern, where there is one, orsnmly- 
ing any separate system of taps, should be fitted with one of the 
latter kind, that the entire water supply may not be cut off when 
any part is undergoing repairs. 

1051 . — What is EytelweirC a formula f 
W=4. 71 

L 

D=:0. 638 ^ I7W» 

H 

Where D=diameter of pipe in inches 
H=head of water in feet 
L=length of pipe in feet 
W=:cuhicfeet of water discharged per minute. 

1052 . — How may this formula he stated as a problem T 

As follows : — If water with a head of H feet flows through L 
feet of pipe of D inches in diameter, what would be the discharge 
W in cubic feet per minute ? 

XOBS.-^What is the use of Eytelwein* a formula ? 

To calculate the size of pipes and delivery of water through pipes. 

1054 . — Why is air in water pipes ohjectionahle ? 

(a) Because even a small quantity of air is liable to stop the flow 
of water unless there is great pressure in the pipes, and (h) the air 
might be conveyed to the house-pipes, where this is far more likely 
to occur. 

1055 . — In general terms lohat should he the relation of the water 

pipes to the gas and sewer pipes ? 

They should be as far as possible from gas and sewer pipes ; for 
leaky mains frequently have great suction power, especially where 
the supply is on the intermittent system and with such suction 
there is great danger to the absorption of sewer gases and gas itself. 

1056 . — Why should wafer pipes he placed deeper than gas-pipes ? 

Because gases tend to ascend : should any leak occur in the 

gas-pipes the water would be out of danger. [The same may be said 
with regard to sewer gases. Gas and water pipes should not be 
laid in the same trench, or alongside any drain-pipe, because these 
small pipes have frequently to be laid bare, and this might endanger 
the soundness of the drain.] 

1057 . — other arrangements besides those for domestic supply 

are provided on the service pipes ? 

In addition to the arrangements for domestic supply, outlets or 
hydrants with valve-cocks are provided on the service pipes of all 
large towns, at regular intervals, in case of fire, and for supplying 
imter to flush the gutters and water the streets. 
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%OBB,*^What doe$ the eystem of perfect clarification of water in* 
elude ? 

Three divisions, viz . ; the settling basin, the filter-bed, and 
the dear-water basin. 

1069 . — What should he the capacity of filter-beds ? 

Experience indicates that the flow through a filter-bed should 
not exceed the rate of 17 feet lineal per diem, or be reduced by 
silting of the sand layer to less than 6*5 feet per diem. It must 
not be so rapid as to reach the sand grains or clay particles or the 
intercepted fibres through the bed, or its whole purpose will be 
entirely defeated. 

A rate of about one-half inch per hour, or twelve lineal feet 
per diem, when the filter is tolerably clean, is generally considered 
the best. This gives the filter-bed a capacity of twelve cubic feet, 
or 89‘76 gallons per square foot of surface per twenty -four hours, 
and requires, in work, about 12,000 square feet of filtering surface 
for each million gallons of water to be filtered per diem. 

1060 . — How often should the filter beds he cleaned ? 

The filter-beds upon the English streams require cleaning about 
once a week, when the rivers are in their most turbid condition, 
and ordinarily once in three or four weeks. 

1061 . — How is the cleaning process carried out ? 

The process of cleaning consists of removing a slice of about 
one-half inch thickness from the surface of the fine sand layer, and 
the stirring or loosening up of the sand that is packed hard by the 
weight of the water, when the clogging of the filter prevents or 
hinders greatly its flow. This requires the water to be drawn off 
from the bed to be cleaned, and of course, puts the portion of filter 
area being cleaned out of service. According to the usual practice, 
the water is drawn down only about a foot below the sand surface 
for the cleaning; but there is a great advantage, though an incon- 
venience, in drawing the water entirely out of the bed, for this 
admits the air to oxidize the organic matters that are drawn into 
the filter, which is of great importance. 

To provide for cleaning, the required area for service should bo 
divided into two or more dependent beds, and then one additional 
bed should be provided also, so that there shall always be one bed 
surplus that may be put out of use for cleaning, 

1062 . — Kow is water filtered on a large scale for town supply? 

State under what circumstances such filtration is likely to 
purify the water sufficiently for health. % 

Water for the supply of large towns, is filtered by passing 
through mechanical filters constructed somewhat as follows : — 
^the water is sometimes first passed through a subsiding tank 
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^here the soUds are allowed to settle, is then disohar^ped u^to 
a filtering reservoir. The bottom layer of the filtering medium con- 
sists of clean gravel (gauged to about the size of a walnut) from 
1 foot to 1 foot o inches deep ; the second layer gravel broken to a 
gauge of the size of horse beans, about 6 inches deep ; the ihird 
layer gravel broken to a gauge the size of peas, same depth as be- 
fore, and fourthly a layer of gravel, 6 inches deep, size of buckshot. 
This is topped with from 2 feet to 3 feet of clean sand, and upon 
this surface the water is distributed, whence it percolates through 
the sand and gravel into brick-collecting drains and thence into 
the pure water reservoir or pump wells. To efiBciently filter the 
water it should not be allowed to pass the filter quicker than at 
the rate of about fifty gallons per superficial foot of area of sand 
surface in twenty-four hours, and require frequent cleansing, 
which is done by removing a small quantity of the top layer of 
sand, which is thoroughly washed and again used after exposure 
to atmospheric influences. It should be remembered that the fil- 
tering medium must always be thoroughly dean to allow of efficient 
action. Water, either river or well, passed through such a filter as 
above described, should be equal to that supplied to the metropolis 
of London, which has to pass the test required by Act of Parlia- 
ment and the examination by the Government AVater Examiner. 

1063 . — What should be the thichness of stones, and what materiaU 

are 'placed above or superficial to it f 

This layer of broken stone must be 24, inches thick* to cover 
efficiently the pipe drains. Upon this layer of stone properly level- 
led off, from 18 to 24 inches of gravel is laid. This gravel is usu- 
ally screened into two or three sizes, the larger of walnut size, the 
next of the size of a hazel nut, and the third between that and pea 
size. The largest size lies upon the broken stone, the smallest 
size at the top, the layers 6 inches thick each. Over this gravel 
there is laid not less than 30 inches of fine sharp sand, screened to 
ensure the requisite degree of fineness and uniformity. The lower 
12 inches may be a little coarser than the uj)per stratum of 
18 inches, but it is important that the two layers should be of uniform 
fineness and quality throughout, otherwise there will be danger of 
the water passing through more rapidly at one point than another. 
The whole depth of these materials amount to five feet ^ight 
inches. 

1064 . — Discuss the question of the quality of sand used in public 

water-supply filters. 

A uniform sized grain of sand or gravel offers greater perco- 
lating facilities than mixed coarse and fine grains. The propor- 
tion of interstices in uniform grains is from thirty to thirty-throe 
-per cent, of the bulk, and the larger the grains the larger the in- 
terstices and the more free the flow. On the other hand, the 
smaller the grains, or the more the admixture of smaller with ] 
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dominating grains, the smaller the interstices, and the less the 
flow, but the more thorough the clarification and the sooner the 
^res are silted with sediment. If there is much fine material mixed 
with^the ^avel, water will percolate very slowly, and a larger pro- 
portional infiltration area will be required to deliver a given volume 
of water. Provision is made for the flowing on of the water so aS 
not to disturb the fine sand surface. This inflow duct is often 
arranged in the form of a tight channel on the top of the covering 
of the central gathering drain, and the water flows ov'er its side 
walls, during the filling of the basin, to right and left, with slow 
motion. The depth of water maintained upon the filter-bed in four 
feet or more, according to exposure and climatic effects upon it. 

are the seitlbig and clean-water basins ? 

When the water is received from a river subject to the roil 
of floods, it should be received first into a settling basin, where it 
will be at rest forty-eight liours or more, so that as much as possible 
of the sediment may lie separated by the gravity process, before 
alluded to. Its rest in large storage basins prepares it very fully 
for introduction to the filter-bed, which is to complete the sepa- 
ration of the microscopic plants, vegetable fibres, and animate organ- 
isms, that cannot be separated by precipitation. [Since the domestic 
consumption of the water at some hours ef the day is nearly or quite 
double the average consumption per diem, the clarified water basin 
should be large enough to supply the irregular draught and permit 
the flow through the filter to be uniform.] 

1086 . — When should the entire sand surface he renewed ^ 

When the repeated parings from the surface have reduced the 
top fine-sand layer to about twelve inches thickness, a new coat 
should be put on restoring it to its original thickness. If good fine 
sand is difficult of procurement, the parings may perhaps be wash- 
ed for replacing with economical result. This is sometimes accom- 
plished by letting water flow over the sand in an inclined trough of 
plank, having cleats across it to intercept the sand, or by letting 
water flow up through it in a wood or iron tank. In the latter 
case water is admitted under pressure through the bottom of the 
tank, and the sand rests upon a grating covered with a fine wire 
cloth, placed a short distance above the bottom of the tank. The 
current is allowed to flow up^^througli the sand and over the top of 
ithe tank until it runs clear. 

1067 . — What should he the maximum speed of vertical descent ? 

Not much above 6 inches per hour. 

1068 . — What is a water meter T 

It is a contrivance for measuring or registering the supply of 
WRter pasting through a pipe or channel. 



248 


WATStt. 


[PABI I, 


1069. — TFAai is a water module ? 

An agent for regulating the supply of water passing into a chan-^ 
nel or into a pipe, which makes it practically constant, although 
both the amount of water, and the pressure in the main canal, tnaiu 
pipe, or reservoirs, supplying the branch pipe may be variable. 

1070. — Deacrihe the forme of water meters. 

There are two kinds of water meters, the positive and the tw- 
ferential. Kennedy’s and Frost’s piston meters are examples of the 
positive kind. A piston works in a cylinder and is successively 
filled from the top and the bottom, and the number of strokes auto- 
matically recorded. The capacity and the piston being known, the 
result is so many measures of water. 

'Pile inferential meter is a turbine, an example of which is that 
know^n as Soimens ; the flowing water causes a turbine to revolve, 
and from the velocity of current as measured by the revolutions of 
the turbine, the quantity of the water is “ inferred.” 

1071. — In order to prevent undue waste what apparatus are neces^ 

sary ? 

Water-meters are sometimes applied to the service-pipe sup- 
plying a group of houses to prevent excessive waste, and the land- 
lord charged for the amount used; but as this plan induces the 
landlord to enforce a too rigid economy, it is not^to be commended. 
The best water-meters are capable of registering exactly all amounts 
exceeding a flow of one gallon per hour; but 'when the water con- 
tains a considerable amount of undissolved impurities, and is badly 
filtered, they very soon become clogged up and fail to register any- 
thing like the quantity of water which may pass through them. 

1072. — What apparatus are used for the pii^rpose of measuring 

waste f Who invented it and how is it employ ed practically ? 

A meter for this purpose is called a waste w'ater-meter, has 
recently been invented and patented by Mr. G. F. Deacon, C.E., the 
Borough and the Water Engineer of Liverpool, and tried at that town 
.wi.th considerable success. It is of the inferential class, and differs 
from ordinary meters in this — that it registers on a sheet of paper 
the variations in the flow of water at different hours of the day, and 
also the time at which those variations take place. These papers 
may be preserved for future reference and comparison. The meter 
consists of a vertical, hollow, truncated brass-lined cone, having 
within it a horizontal disc of the same diameter as the upper 
and smaller end of the cone. From the upper surface of this disc 
projects a rigid stalk suspended from a fine German silver wire,' 
which passes through a hole in the hollow boss to a chamber 
above, where it is connected with a guided cross-head carrying 
a pencil or tracer, and suspended from a hand passing over a pulley 
Supporting on the other side of the pulley a weight whicn 
always tends to draw the disc up to the top of the cone. The* 
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Tertical motionB of the tracer are recorded on a paper wrapped 
round the drum driven by clockwork. The diflSculties attending 
the use of small stufl&ng boxes are removed by using a simple 
br^BS bush with a hole in it fitting the wire closely and the small 
quantity of water which passes between the wire and the sides of the 
whole rises in the hollow boss and passes away by the drain pipe. 
There is a brass diaphragm with perforations for equalising the flow 
of water, and a hinged and padlocked cover of the clock chamber^ 
having a watertight India rubber joint ; there is a second cover 
carried by a frame in the footway. The drum with its paper is 
easily lifted from the footstep after the hinged bearing has been 
raised. 

If now the instrument be fixed on the line of a water main, and 
all the outlets closed, the weight will have raised the disc to the 
top of the cone, or zero point, and on a tap being opened beyond 
the outlet of the meter water will seek to pass through, and press- 
ing upon the disc, drive it down to a larger part of the cone. The 
descent of the disc will cease when, by reason of the increased area 
of annular space between the disc and cone, the pressure on its 
upper surface is relieved and the excess of that pressure over pres- 
sure on the lower surface is exactly balanced by the excess of tha 
weight g above the weight of the disc weighed in water, and the 
cross head weighed in air. This point at which the disc stops will be 
constant so long as the rate of flow is constant, and the rate of 
flow having been once ascertained by direct measurement will be 
measured in future by the tracer standing at the same point. 

The clock chamber is perfectly free from any dampness arising 
from the water in the mains, Imt m order to ensure firmness of the 
paper diagrams it is desirable in damp weather to place within the 
chamber a small saucer containing sulphide of calcium, which 
absorbs any moisture after the lid is closed. Although not absolutely 
necessary, it is nevertheless most desirable for the efficient carrying 
out of the system, as well as for the proper control of the supply 
to each block of premises in case of accident, that there should be 
stopcocks on the communication pipes between the service main 
and each house, or groups of houses, under the control of the in- 
spector without entering the premises. 

When a meter is used for detecting waste in any district, it is 
fixed to the supply main at or near the point where it enters the 
district, and the number and probable requirements of the people 
to be supplied are ascertained. The meter is then read at intervals, 
and the time between the readings noted. The quantity passed 
between any two of the readings is thus known, and from the data 
then collected it may be easily calculated if an undue amount of 
waste is taking place. In Deacon’s automatic water register all 
the water above the line is used, that below gofts to waste. Hourly 
inspection enables the supervising authorities to localise points of 
waste. 
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1073 . — BUcms ^ question of waste in water-supplies* 

In all large towns supplied by publio w'ater-works, there is a 
Tery large amount of water actually wasted. The Chicago Board of 
Publio Works, in their report of March 31 sb, 1875, estimate that 
“ one-half of the water now pumped is wasted,’* and in the St. Louis 
Beport for 1876 a calculation is made by the Engineer, CoL Henry 
Flad, from which it appears that the prospecbive cost to the city for 
a period of ten years, on account of waste, is over four million dollars. 

A case is recorded as having occurred at Torquay, where a 
main about 14 miles long, composed of 14,267 yards of 10 inches, 
10,085 yards of 9 inches, and 170 yards of 8 inches pipes, delivered 
only 317 gallons a minute with 465 feet head. An ingenious scraper, 
worked by the pressure of the water, was passed several times 
through the pipes, the result being a discharge of 634 gallons. 

1074 . — What proportion of water runs to ivaste ? 

The quantity of water which run to waste, however, frequently 
exceeds enormously that allowed for through ill-constructed fittings 
and carelessness. A quantity equal to that used is not uncommon, 
and in one case, where 7 gallons of water per head per day were 
actually used, 18 gallons ran to waste. The most effectual means 
of preventing such waste are, the establishment of a regulation or 
enactment, that domestic water-fittings shall be executed to the 
satisfaction of the Engineer or Manager of the Water- Works; the 
carrying out, as far as praicticable of the system pf selling water by 
measure to those who require it for other than ordinary domestic 
purposes, and the prevention of excessive pressure in the service- 
pipes from which houses are directly supplied. 

The amount of water actually utilised in the houses of a town 
varies enormously. In the houses of the poor the actual amount 
used may be only 2 or 3 gallons per head daily. This meagre 
amount is not only, or even principally, due to want of personal 
cleanliness amongst the occupants, but is far more often due to the 
limited quantity of water at their disposal, when the supply is inter- 
mittent and has to be stored in cisterns or water butts, often of a 
size totally inadequate to the wants of the people who take their 
water from these receptacles. It has been estimated that in London 
15 gallons out of that supplied per head daily thus run to waste in 
the soil. An enormous amount of leakage takes place from water 
companies’ mains in many towns, from slight settling of the ground 
after laying, or from the vibration of heavy traffic causing fracture 
of the pipes and joints. The loss is especially great where the 
flupply is constant and the mains always kept under pressure. As 
already stated this difficulty has been overcome by Mr. Deacon, who 
has invented a meter which can be used as a waste detector. One 
of these meters is placed on each district main ; it registers the flow 
-of water by day and night, and therefore the waste, for the water 
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flowing through the main during the dead of night, is not used by 
the oonsumers, but is running to waste. 

Having localised the waste to a special locality supplied by a 
district main, the exact spots where the leakages are taking place 
can be determined by the vibrations produced in the nearest house 
communication pipes, which can be distinctly heard on applying the 
ear to the pipe. By this system, to take one example only, 
the Lambeth Water Company has reduced its consumption from 
34 gallons per head per day to 20 gallons, the quantity available to 
the consumer remaining the same. 

If the spots at which leakage occurs could be known, the pipes 
could be easily taken up and repaired ; this can now bo done with 
facility, but the difficulty was previously to find where the leaks 
were. [In some towns it has been found that as much as one-half 
or two-thirds of the total water-supply leaks out of the mains into 
the soil. The greater part of the waste, however, very often takes 
place from the mains, before the water reaches the consumer.] 

107 5 .-^ What are the ways in tvltich imste may he 2^revented ? 

There are two general methods suggested for lessening the waste 
.which occurs. One is to introduce a rigid system of inspection to 
detect all leakage from the pipes and from imperfect fixtures, and to 
prevent all unlawful use of the water. Such a system has been 
found to work admirably in some places, a notable example being 
in Liverpool, where, by meters invented for the purpose, it was 
possible to determine the amount of water flowing in small sec* 
tions of the pipes, and thus to locate any considerable leak or to 
ascertain where an abnormal amount of water w^as being used or 
wasted. The second method is to supply all the water through 
meters, as is now done with that portion which is used by manu- 
factories and other large establishments. The principal objection 
urged against the adoption of this method in the case of private 
families, is the fear that, by the use of meters, an economy of water 
would be effected among the very class of people where, for the 
general good of tlie community, it is important that water should 
be used freely. There is considerable weight to this objection, and, 
if meters are to be introduced into the cities, either a certain 
amount of water must be allowed free, and the excess charged for 
at an established rate, or else some other arrangement must be 
made for the benefit of the poorer classes, especiallyfor persons and 
families living in tenement-houses. It is further to be said that 
the cheaper meters are not very reliable, and it is often possible to 
pass a considerable amount of water without its being registered, 
provided the water passes sJowly. The question is, after all, one 
which must be settled by local considerations. In many places, 
where there is an abundance of water at combaand and where the 
rates are low, the expense and the attendant inconvenience would 
make it advisable not to introduce meters. In other localities, 
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where the available water is limited in quantity, or where, without 
economy, the existing supply is likely to prove insufficient in the 
immediate future, or m places where the rates are of necessity high, 
the introduction of meters would be advisable. The waste in 
northern citie6 during the winter is enormous, as it is very common 
to leave the faucets open during the night, in order to prevent 
freezing. To remedy this waste it would not be impossible to insist 
that the service-pipes should be laid below the line of frost, and that 
in the houses it ^ould be possible to shut o£E the water and drain 
the pipes whenever there is danger of freezing. Vigilant inspection 
would probably accomplish as much as the introduction of meters to 
check such waste.* 

1076 . — What was Mr. G. Deacon^ s explanation as to the cause of 
waste and what apparatus did he invent to detect andpre^ 
vent it ? 

Mr. G. Deacon, in a very interesting and instructive paper^ 
has shown that the loss on the constant system is due to causeB> 
over which the consumer has generally little or no control, and that 
it occurs for the most part before the water reaches him. It arises 
chiefly from leaks in pipes, drawn joints, and so on, and up to lately 
there were no means of detecting this in a way practically useful. 
By the introduction of his water-waste meter this is now done 
with the utmost precision and accuracy, so that in Liverpool the 
expenditure of water has been reduced from 33 5 gallons per head 
per diem to 13*3. This does not mean any restriction to the con- 
sumer ; the supply is now absolutely constant, and the use unlimit- 
ed. But it means that formerly the consumer used only 13 gallons 
at the outside, whilst 20 gallons went to pure waste. Mr, Louttit 
stated that the Lambeth Water Company was able by this means 
to reduce their expenditure from 35*09 to 15*28 per head. The 
general waste in London appears to be about 16 gallons per head 
out of a total of about 35 gallons. With such a system of checking, 
the main difficulties of a constant supply seem to be solved, even 
if every consumer used the full 25 gallons laid down as the 
necessary quantityf. 

1077 — is the system of inspection of waste meters conducted ? 

Between the hours of 12 midnight and 5 a.m. is the best time 
for working the system, as between those hours the consumption 
is most regular. The inspector begins by closing the stop-cock to a 
block of buildings, and noting the time at which this is done. On 
examining the diagram there will either be no change, at that time,, 
in the steady night line, broken only by an occasional draught, or it 
will show by a vertical movement of the pencil, and a continuation 
of the steady line at a lower level, that only a reduction in the con- 
tinuous flow has taken place and therefore the premises supplied by 

* Gordon Bucjc’s Hygeineand Puhlie Health. 
t Paekbb* Practical Hygsine, 7th Ed. 
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the pipe in question should be visited by an inspector on the fol- 
lowing day. By closing all the stop-cocks it may be ascertained 
whether the mains are in a sound or a leaking condition. 

1078. — house water meters advisable ? Give reasons for your 

answer. 

They are not advisable and for these reasons : — 

1. Because they tend to restrict the necessary use of water 
for purposes of cleanliness. 

2. This restriction prevents proper flushing of drains and 
sewers. 

3. The primary expenses of the fittings, as well as of the neces- 
sary inspections and bookkeeping. All these tend to defeat the ends in 
view. 

A scanty supply means uncleanliness, domestic and personal, with 
its associated evils and diseases. 

1079 . — What are the best means to prevent waste of water ? 

a. Employment of the best fittings — the use of good screw-down 
taps. 

h. Any theft of fittings should be a specific offence punishable 
by law. 

c. The supplying company’s inspecting staff should carry out 

their duties carefully and conscientiously. 

d. To enforce the principle that all water pipes or waste pipes 
should terminate in such a way that they may be readily inspected 
—in this way waste may be easily detected and prevented. 


CHAPTEE VIII. 

Mechanics op Water Supply. 

1090 .— What is meant by Hydrodynamics ? 

Hydrodynamics is the combined science of hydrostatics and 
hydraulics, the former of which treats of the pressure and equili- 
brium of liquids at rest, whilst the latter explains the laws relative 
to liquids in motion. [Liquids, or fluids in general, are considered 
incompressible and non-elastic, but readily adapted to useful pur- 
poses through flowing freely, by agitation and inequality of level, 
nence hydraulic machines are brought in to produce useful effects ; 
and although the laws of hydrostatics and hydraulics are universally 
applicable to fluids in general, yet water being the most abundant 
in nature it is the fluid invariably had recourse to for purposes of 
motive power. ^ 

Fluids when confined exert a force equal in every direction, but 
when unconfined are subject to the same laws as falling bodies in 
general, modified by mechanical considerations and experimental 
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reBults^ so that throngh Trater rolling or falling by the force of 
grarity, the greatest amount of effect is produced, whether for tur- 
bines or water-wheels.] ' 

lOSl. ^Define Hydraulics. 

That department of physical science which treats of motion, 
especially of water which in motion presents itself in four different 
ways:— Has mssing out of a reservoir ; flowing in a bed ; acting as a 
motor : and in a passive state raised by machines. 

1082. — is meant by Static pressure in relation to water f 

The full pressure due to the head of water while standing at 

rest. 

1083. — What is meant by Hydrostatics ? 

It IS a branch of Natural Philosophy that treats of the nature* 
pressure, gravity and motion of fluids in general. This science is 
divided into two distinct parts, viz.^ Hydrostatics and Hydraulics, 
the latter relates particularly to the motion of water through pipes, 
conduits, etc. 

1084. — i)oc« the weight of a fluid body press equally in all 

directions ? 

Yes ; any vessel containing a liquid sustains a pressure on every 
portion of the vessel, equal to as many times the weight of the 
greatest height of that fluid as the area of that vessel is to the 
sectional area of the column. The amount of pressure sustained 
by walls, flood-gates, sluices, etc., for the retention of water, equals 
the amount of area exposed, multiplied by half the depth of the 
fluid, and by its weight in the same known terms of unity. One 
cubic foot of fresh water weighs 62 355 lbs. 

1085. —% what rule may we calculate the discharge of water from 

an orifice when the aperture extends to the surface of 

the jheid ? 

Multiply the area of the opening in feet by the square root of 
its depth, also in feet, and that product by 5'1 ; then |ras of the last 
product will equal the quantity discharged in cubic feet per second. 

1086. —% v:hat rule may we calculate the discharge of to ater from 

an orifice when the aperture is under a given head ^ 

Multiply the area of the aperture in feet by the square root of 
the depth also in feet, and by 5T ; the product is the quantity dis- 
charged in cubic feet per second. 

1087 *— an example of the working of the foregoing rule ? 

Bequiredthe quantity of water in cubic feet per second discharg- 
ed through an opening in the side of a dam or weir, the width or 
length of the opening being 6 ^ feet and depth 9 inches, or ’75 of a 
foot. 
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Square root of *75s='866. 

6*5x75x ‘866x51x2 _ , 

Then =14*3839 cubio feet. 

1088. — What would he the quantity discharged through the above 

opening under a head of water 4 feet in height ? 

Square root of 4=2, and 2x5T=10‘2 feet, velocity of the water 
per second. 

And 6*5 X 75 X 2 X 5*1=49725 cubic feet discharged in the same 
time. 

1089. — Explain by an example the motion of water in pipes. 

Let a vessel be kept constantly full of water up to the water 
line. In two horizontal places lower than the water-line, are made 
orifices, through which the water will pass up vertical nearly to the 
water-line. Omitting the resistance of air, the jet should theoreti- 
cally reach the water-lme ; practically it reaches 0 967. It is evident 
that the velocity of the jet through the orifices must be the 
velocity due to a body falling from the height, according to the law 
of force of gravity. 

1090. — How many gallons of water will he discharged in five 

minutes, through an oHfice of 0‘02i) square feet, applied at 

8 feet under the level of the water ? 

G=31’5 a t m/i=31 5x0*025x5x60x8=189*00 gallons. 

Where : — h=head, or height of water over the orifice, 
t=operating time in seconds, 
a=area of the orifice in square feet, 
m=the coefficient for contraction, 

G=gaUons of 277 cubic inches discharged in the time, 
Y = velocity through the orifice in feet per second. 

1091. — irto are the effects 2»'oduced by pressure of water in its 

natural state ^ 

Tlie ju'essure of water in a vessel, caused by its own gravity, 
increases in proportion to the depth below the surface. The sides 
of cisterns, vessels, flood-gates, and sluices sustain a pressure equal 
to the product of the urea multiplied by half the depth of the fluid 
and by its gravity, in equal terms of unity. 

The pressure of water on a horizontal surface, say the bottom 
of a cistern, is equivalent to the weight of the superincumbent 
column of water, and the intensity of the pressure is independent 
of the form of the vessel. 

1092. — Required the pressure of water on the sides of a rectangular 

cistern 18 feet in length, 18 feet in width^and9 feet in depth,. 

The terms of measurement or unity are in feet ; 1 cubic foot of 
water = 62*5 lbs. ; hence 18 x9 x2xl3 x9x2 = 75,816 X 
4*5 X 62*5 = 21 ,885, 750 lbs = pressure on the sides. 
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[The weight of water or other fluid is as the quantity, btut the 
pressure exerted is as the vertical height ; hence as fluids {>ress 
equally in every direction, any vessel containing a fluid sustains 9 , 
pressure equal to as many times the weight of the column or 
gp*eatest height of that fluid as the area of the vessel is to the 
sectional area of the column. The pressure exerted upon the water 
hj the ram of the force-pump is transmitted by means of a pipe to 
the base of the ram of the press, and as the pressure of fluids is 
equal in all directions, the total force acting on each ram will be in 
proportion to their areas. The ram is made water-tight by a leather 
collar, inserted in a groove at the top of the press cylinder. The 
water-presses inside the leather-collar causing it to open and press 
hard against the ram. When the pressure is taken oft*, the leather- 
-collar closes, and permits the ram to fall down freely. The ram of 
the press acts with a force equal to the number of times the area of 
-the end of the i*am exceeds the area of the end of the pump-ram.] 

1093 . — How may the buoyancy or upward force with tvhich water 
presses on immersed body be ascertained ? 

When a body is partly or wholly immersed in water or other 
fluid, the vertical pressure of the fluid tends to raise thebody 
with a force equal to the weight of the fluid displaced ; hence the 
weight of any displaced quantity of a fluid by a buoyant body 
equals the weight of that body. 

1094:.— jBi/ what rule is the velocity of discharge regulated ^ 

In the discharge of water by a rectangular aperture in the 
side of a reservoir and extending to the surface, the velocity varies 
as the square root of the height : and the quantity discharged per 
second equals -Irds of the velocity due to the mean height, allow- 
ing for the contraction of the fluid according to the form of the 
opening, which renders the co-eflBcient in this case equal to 5*1. 

1095. — Required the velocity of water issuing through an orifice 
under a head \\ feet from the surface, 

^11=3*3166 X 8*1=26*864 feet, velocity per second. 

1096. — what rule may we find the velocity of w^der issuing 

through a circular orifice at any given depth from the 
surface ? 

Multiply the square root of the height or depth to the centre 
of the orifice by 8T, and the product is the velocity of the issuing 
fluid in feet per second. 

1097. — What law regulates the flow of water through orifices ? 

Water in flowing through an aperture under any giyen head, 
is governed by the same law of gravity as that of a solid body in 



257 


yiH.] MBCHANICS OF WATBB SUPPLY. 

vaciM descending through the same space ; but as friction is cre- 
-ated by the motion of two hard bodies in contact, so is friction also 
created by the action of the water in passing through an aperture ; 
hence an aperture twice the width of another will discharge more 
than a double quantity, because the area advances in a much 
greater ratio to that of the resistance. Thus, suppose an opening 
of 4 square feet b^ required in a circular form its diameter would 
be about 2 feet 3 inches, and its circumference, or cause cf friction, 
7 feet ; in a square form, 2 feet by 2 feet, and the amount of its 
sides 8 feet ; but in a rectangular form, 4 feet in length and 1 in 
breadth, the cause of resistance is increased to 10 feet ; thus show- 
ing that the circular form is that which should be adopted in pre- 
ference to any other for the conduction of water wdiere practi- 
cability will admit. 

1098.~TF^a^ must he the thickness of sheet iron whereby to form 
a rectanyular vessel 5 feet in length, 2 in ividth, and 1:} in 
depthfihat will just sink^ inches in common water ; lapys, 
seams, ami rivets not being taken into account ^ 

r» ft. or 60 in. x 15 = 900 X 2 =1800 in. or sum of the sides. 

„ 60 in. X 15 = 900 „ bottom. 

2 tt. or 24 in. x 15 = 360 x 2 = 720 „ ends. 


Total... 3420 
And 3420 X *281 =961 02, the divisor, 

Then 60 in. x l5 x 3 X •03617=97’659 lbs. of water to dis- 
place. Hence 156*254 •— 1112*7=*14 in., thickness required. 

1099. — may we calculate the iheoretical velocity due to 

different heads of water ^ 

By the following formula in which V= theoretical velocity tn 
feet per second. 

V «ss*thcoretical velocity in feet per minute. 

H = head of water iii feet. 

y=8025v/H. r=482v/H. 

1100. — Apply the foregoing formula tq a case in which there \s a 

head of \0 feet. 

8*025=^/2g 

3*162 H=:10 feet head. 

2 M 75 v^H=v/10=3*162 

1101. — By what formula is the pressure on the aides of vessels 

obtained ? ^ 

The side of any vessel sustains a pressure equal touts area 
multiplied by half the depth of the fluid, and the whole pi'essuro 

17 
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upon the bottom and against ihe sides of a vessel is equal to three 
times the weight of the fluid. 

1102 .— What is the pressure on the bottom of a conicaly pyramidal, 
or cylindrical vessel containing fluids ^ 

The pressure is equal to the area of the bottom multiplied by 
the depth of the fluid. 

1103 — By what formula may we find the weigJd of a cubic foot of 
any solid or liquid ? 

Multiply the specific gravity of the body by 62 32, and the 
result obtained will be the weight of a cubic foot of the body in 
pounds avoirdupois. 

1104. — What is the pressure of a foot of water at 52‘3 Fahr, T 
62*4 lbs on a square foot (the atmospheric or barometric 

pressure is not, as a rule, taken into consideration). 

1105 . — Of what is a head of water constituted. ? 

It is made up of a head of pressure, and a head of elevation, 

1106 . — What is ihe head of pressure ^ 

The head of pressure is equal to the intensity of the pressure 
exerted by the ])articles expressed in feet of water. 

1107 . — is head of elevation ? 

It is equal to the actual height of the particle above the zone 
fixed or the “ datum level/’ 

1108 . — What is the rule for finding the pressure of fluid on the 

bottom of its containing vessel ^ 

Multiply area of base by height of fluid in feet and the pro- 
duct by the weight of a cubic foot of the fluid. 

1109. ^ — What is meant by head of pressure ^ 

The intensitj' of pressure in feet of water. 

1110 . — What is the absolute head of particles of water underpressure 

consist of f 

The head due to pressure and the head due to elevation. 

1111. — TT/iat is the ratio of the head of fresh to head of sea water ? 
Asl: 1*026. 

1112. — In what tvay is the discharge of icater expressed ? 

In cubic feet per second. 

llXB^^Sow is the mean velocity of flowing liquids measured f 
By dividing the discharge by the cross section. 
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1114 .— flow i$ water presBure convertible into motion ? 

The force of gravity in the form of weight is convertible into 
pressure, and pressure into motion ; and that motion may be con- 
verted into pressure, and pressure be equivalent to weight. 

Motion we are accustomed to measure by its rate, which we 
term its velocity ; that is, the number of units of space passed 
over by the moving body in a unit of time, as, so many feet per 
second. 

1116 . — is the flow oftvater established ? 

All forces tending to destroy equilibrium among the particles 
of a body of water tend to produce motion in that body. 

Xlie.— What is the action of gravity upon individual molecules ? 

All natural flow of water is due to the force of gravity, acting 
upon and generating motion in its individual molecules. If in the 
side of a vessel filled with water there be made an orifice ; if one 
end of a level pipe filled with water be lowered ; or if a channel 
filled with water have its water released at one end, then equilibrium 
among the particles of the water will be destroyed, and motion of 
the water will ensue. Gravity is the force producing motion in 
either case, and it acts upon each individual molecule as it acts 
upon a solid body, free to move or devoid of friction. 

1117. — What is the pressure tipon a unit of surface of %cater ^ 

Since one cubic foot of water, measuring 144 square inches on 
its base and 12 inches in height weighs 62 425 pounds, there must 
be a pressure exerted by its full bottom area of 62*425 pounds, and 

by each square inch of its bottom area of ( =0*433472 

\144 sq. m.y 

pounds for each foot of vertical depth of the water. 

In ordinary engineering calculations 62*5 pounds is taken as 
the weight of one cubic foot of water, and 0*434 pounds as the re- 
sulting pressure per square inch for each vertical foot of depth 
below tne surface of the water. These weights are used in the 
computation of tables, and give closely approximate results, slightly 
in excess of the true weights. 

1118 . — Is the pressure of water proportional to depth ? 

The pressure of a fluid at any point on an immersed surface, 
is in proportion to the vertical ciepth of that point below the sur- 
face of the fluid ; but not in preportion to variable breadths of the 
fluid. 

% 

1119. — What is meant by individual molecular reactions in water ? 

Any particle of fluid that receives a pressure re-acts with a force 
equal to the preBsure, if its motion is resisted upon the opposite 



260 


WATER, 


[part I, 


side. [Any point of a fixed surface pressed by a particle of water 
jre-acts upon the particle with a force equal to the pressure of the 
particle.] 

1120. — lathe equilihHnm in a volume of water destroyed by an 

orifice ? 

If an orifice is made at the bottom of the side of a vessel con- 
taining water, then the particles at that point will be relieved of the 
re-action of the point, or of its support, equilibrium will be destroy- 
ed, and motion will ensue, and all the particles throughout will 
begin to move toward the orifice, though not with equal velocities. 

1121. — What is meant hy the frictionleaa movement of molecules of 

water ? 

The molecules of water move over and pass each other with 
such remarkable ease that they have usually been considered as de- 
void of friction. 

1122. — is meant by acceleration of motion ? 

The force of gravity perpetually gives new impulse to a fall- 
ing body and accelerates its motion, if unresisted, in regular mathe- 
matical proportion. 

1123. -Tr/iat is meant hy transmission of pressure to a distance I 

The effect of pressure on a fluid is transmitted through its 
particles to any distance, however indefinitely great, to the limit of 
its volume. 

Required the direction and magnitude of the pressure against 
a flat circular valve inclined to the horizon at an angle of 45 , and 
employed to retain fresh water in a reservoir ; the centre of the 
valve is sixteen feet below the surface of the w^ater, and the dia- 
meter of the valve one feet. 

The direction of the pressure is at right angles to the valve. 

The area of valve=12 x 12=144 x 7854=113’06, 

The pressure of water per square inch at 16 feet is *4332 X 16= 
6*9312 lbs., therefore the pressure on the valve is 6’9312x 
113*06=783*849 lbs., the total pressure on the valve. 

1 cubic inch of water=*0361 lbs., •*. *0361 x 12 = *4332 lbs. 

1124. — How does the pressure of water in a vessel differ from its 

weight ? 

The weight is according to the quantity, but the pressure is 
according to the perpendicular height. 

[N.B. — The pressure against the side of a vessel increases in 
proportion to the square of the depth, but the velocity of a spouting 
pipe increases only as the st^Uare root of the depth.] 
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1125. “^ — What is necessary in a fluid particle in order for it to acquire 

velocity from a state of rest to an increase of velocity ? 

It must pass from a place of greater total head to a place of Use 
total head, 

1126. — In hydraulics in what term is it consistent to express the 

intensity of pressure of ivater ? 

In feet of water, that is, in terms of the intensity of the pressure 
of a column of water one foot high upon its base as a unit. 

1127. — What other term is used for pressure so expressed ^ 

A “ head of pressure”. 

1128. — What unit of time is employed inmechanics and hydranlios 

and in calculations on sewage aiid water works ? . 

Of difFerent units of time the second is the most convenient in 
mechanical calculations ; the minute is the customary unit in stating 
the discharge of streams ; the hour, the day, and longer periods are 
used in calculations as to drainage and T^ater-supply. 

1129. — What rule may he stated with regard to the velocity of fluids 

passing through an orifice ^ 

The velocity at its passage through an orifice in the side of a 
Tflervoir, is the same as a heavy body would acquire in falling freely 
from the height comprised between the level of the fluid surface in 
the reservoir and the centre of that orifice. 

1130. — What formula is hosed on this ? 

The formula y= v^2 g H where Y = velocity of issue, and 
H = height of head of water in reserve, and g = gravity. 

1131. — TF//ai is meant hy motion of the individual particUs ? 

If an aperture is made in the bottom or side of a tank filled 
with water, the particles of water will move from all portions of the 
body toward the opening, and each particle flowing out will arrive 
at the aperture with a velocity, dependent upon the pressure 
or head of water upon it, and upon its initial position. 

1132. — What quantities of fluid are discharged in certain heads 

and apertures ; or what rules are observed in estimating 

the discharge from apertures under certain conditions of 

pressure ? 

1. The quantities of a fluid discharged in eqyjal times by the 
same apertures, from the same head, are nearly as the areas of the 
apertures. 

2. The quantities of a fluid discharged in equal times by the 
same apertures, under different heads, are nearly the square roota 
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of the corresponding heights of the fluid, above the surface of the 
apertures. 

3. The discharge of fluid through a cylindrical horizontal 
tube, the diameter and length of which are equal to one another, is 
the same as through a simple aperture. 

4. If the horizontal tube is of greater length than the dia> 
meter, the discharge of fluid is much increased, and may be in- 
creased with advantage up to a length of tube four times the dia- 
meter of the aperture. 

1133. — To what horizontal distance will ti fluid spout from a hori- 

zontal pi'pe in any part of an upright vessel below the 
surface of the fluid ? 

To a distance equal to twice the length of a perpendicular to the 
side of the vessel, drawn from the mouth of the pipe, to a semicircle 
•described upon the altitude of the vessel. 

1134. — THiat is a pump ? 

A pump is a machine for applying force to a fluid, either for the 
purpose of causing it to ascend from a lower to a higher level, or to 
make it flow against an opposing force other than gravity acting 
upon that portion of the fluid to be put in motion. This definition 
divides pumps into two great primary classes, which may be sub- 
divided into several secondary classes, according to the special use 
to which the pumps are applied. Thus arranged, the subject appears 
as follows; — First division, pumps for drawing mines, pumps 
for surface drawing, pumps for irrigation, pumps for water-supply, 
pumps for raising particular liquids, contractors’ pumps, pumps for 
emptying docks, bilge-pumps ; second division, pumps for supply in 
^7 oraulic machinery, feed-pumps, and air-pumps. 

1135. — consequences follow upon this principle ? 

That a surface of equal pressure in a still fluid mass is every- 
where perpendicular to the gravity that is longitudinal through- 
out. The pressure at all points at the same level is of equal in- 
tensity. 

II. The intensity of the pressure at the lower of the two points 
in a still fluid mass is greater than the intensity at the higher point 
by an amount equal in weight to a column of the fluid whose height 
is the difference of elevation of the points, and base a unit of area. 

III. The pressure of a liquid in a floating or immersed body 
is equal to the weight of the volume of water displaced by that body ; 
and the resultant of that pressure acts vertically upwards through 
the centre of gravity of that volume, when the centre of gravity is 
called the centre of buoyancy. 

ly. The pressure of a liquid against a plane surface immersed 
in it is perpenaicular to that surface in direction, its magnitude is 
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equal to the weight of a volume of the liquid, found by multiplying 
the area of the surface by the depth to which its centre of gravity 
is immersed. 

V. The centre of pressure on such a surface if the surface is 
horizontal coincides with its centre of gravity if its surface is verti- 
cal, or sloping the centre of pressure is always below the centre of 
gravity of the surface and is found by considering that the pres- 
sure IS an uniformly varying stress whose intensity at a given 
point varies as the distance of that point from the line where the 
given plane surface (produced if necessary) intersect the upper 
surface of the liquid. 

1136.— nere id delivered from a coalpit 160 tons of water in 
twenty four hours, but it is grossly polluted with solid 
matter ; tvhat measures loould you suggest for its clarifica- 
tion, that a volume of twenty thousand gallons per day 
would he available for human use^ 

The filtration process would be the best system to adopt. One 
ton water measures 224 gallons, 160 X 224=35840 gallons. To reduce 
gallons to cubic feet, divide by 6J, or for greater accuracy, by 6*23. 

’ The cubic feet are therefore 5752*8. A reservoir 29 feet X 20 feet X 10 
feet deep would hold this quantity after filtration. It should be 
carried to point of distribution in cast iron pipes under pressure. 
Service reservoirs should contain three days’ supply. Thirty 
gallons per head per day is considered the average consumption 
in manufacturing towns. The reservoir should be a little larger 
•than dimensions given. 

1137 . — What is the pressure of a fluid at any part of an uncovered 
surface ^ 

The pressure of a fluid at any part of an uncovered surface is 
in proportion to the vertical depth of that point below the surface 
of the fluid but not in proportion to variable breadths of the fluid. 

1138. — By ivhatfonnnla may we calculate the time employed in 

filling and emptying a reseiwolr when the supply and 
consumption are going on simultaneously ? 

Q = supply of water to reservoir in cubic feet per minute. 
q z=i consumption of water from reservoir in cubic feet per minute. 

€ = contents of reservoir in cubic feet. 

T = time required for filling reservoir in minutes. 
t = time required for emptying reservoir in minutes. 

T - . - c 

Q-q q-Q 

1139. — ffow may we compute the pressure of a fluid down a 

vertical, inclined, cut'ved, or any surf a ? 

Multiply the area of the surface by the height of the centre of 
^ravitv of the fluid in feet, and the product by the weight of a cubic 
foot of the fluid. 
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1140 . — Give the preastire on a eloping side of a pond of fresh 

water 10 feet square, the depth being 8 feet. 

Centre of gravity, 8 h-2 = 4, 

When (10)2 X 4 = 400 X 62*5 = 25,000 lbs. 

1141 . — Required the direction and magniiude of pressure against a 

flat circular valve inclined to the horizon at an angle of 
4J}° and employed to retain fresh water in a reservoir ; the 
ceritre of the valve is sir teen feet helotv the surface of the 
water, and the diameter of the valve one foot. 

The direction of the pressure is at right angles to the valve. 

The area of valve = 12 X 12 = 144 x *7854= 113 09. 

Pressure of water per square inch at 16 feet is *4332 X 16 
= 6-9312 lbs. 

Therefore, the pressure on the valve is 6*9312 X 113 09 « 
783*849 lbs., the total pressure on the valve. 

One cubic inch of water = *0361 lbs. *0361 x 12 = *4332 lbs. 

Area of valve = (D)* x ‘7854. D = diameter. 

1142 . — Under what condition of water is it taken as a standard of 

comparison between measures of capacity and iveighi ? 

All comparisons between measures of capacity and those of 
weight are made with di.stilled water at a maximum density, at a 
specific gravity of 1 (unity) ; but in commercial measure, the vessel 
at a temperature of 62° Fahr. 

1143 . - is the main property of a fluid as opposed to a solid ^ 

It does not tend to preserve a definite shape. 

1144 . — What pivinci pie is based upon this property ? 

That in a perfect fluid, when still, the pressure exerted at a 
given point is normal to the surface as when it acts, and of 
equal intensity for all positions of that surface. [Upon this 
principle is founded the whole science of Hydrostatics.] 

W^B.— What is meant by the intensity of pressure of fluid ^ 

In uniform pressure over an area, the total amount of pressure- 
divided by the area. 

1146 .— TFfeaf is the pressure of 'water in a eonical vessel ^ 

The pressure of the fluid in any conical vessel is found by 
multiplying the base by the whole perpendicular height ; therefor© 
the pressure will be equal to three times its weight. 

[N.B. — A fluid presses in proportion to its perpendicular height 
and the base of the vessel containing it without any regard to the- 
quantity.] ^ 
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1147.-— TT/iof is the density of air in relation to water f 
As 1 : 773. 

1148 - — What is the ratio of pressure on the sides of three vessels 
ivhen the depths areas 1, 2, 3, to one another ^ 

Of throe vessels whose depths are as 1, 2, and 3, the pressure 
against the side of the second will be four times greater than that 
against the first, and the pressure against the side of the third will 
be nine times greater than that against the first. 

114t9.~What is the pressure on the side of a cubical vessel contain- 
ing imier 

In any cubical vessel the pressure against any one side is equal 
to half the pressure upon the bottom, and, of course, the pressure 
upon the four sides is equal to twice the pressure upon the bottom* 

XlSO.— What is the hydrostniic paradox ^ 

** That any quantity of water, however small, may be made to 
balance and support any quantity, however large.” 

1151. — What is absolute motion ^ 

It is the motion that bodies have independently of each other 
and only with regard to the parts of space. 

1152. — What is meant by relative motion ^ 

It is the degree and direction of the motion of any body, wdien 
compared with that of another. 

1153. ~A/ what temperature does water attain its maximum 

density ? 

At 39° 2 Fahr. or 4° Cent. 

llS^.— Wlmt is the pressiirc against the whole side of a cubical 
vessel containing water ^ 

The ])ressure in this case must vary as the square of the depth 
of the vessel. [N.B. — The lateral or side pressure of fluids is equal 
to the perpendicular jiressure.] 

1156.— manu cubic feet of v' a ter will he raised in one hour 
from a mine 200 feet deep, if the rate of pumping he 15 
horse poiver '^ 

2376 nearly. [One horse power is eaual to 550 foot pounds per 
second, and is nearly equivalent to 8*8cuoic feet of water lifted one 
foot high per second. A cubic foot of water=62*5 lbs. Foot lb.= 
work done against gravity iii lifting a pound weight through a 
height of one foot.] * 

1156.--*A bottle filled with water weighs 212 grammes. Fifty 
grammes of filing are thrown in, and the water which 
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flows over is removed, still leaving tlie bottle just filled. 

The bottle then weighs 254 grammes. What is the density 

of the filings ? 

The density of the filings is 6*25. 

1157. —^ hole is made in the side of a cistern containing water : 

what is the velocity with which the water is ejected 

The velocity will be as the square root of the distance of the 
hole below the surface. 

1158. — "Bow much water will a body specifically lighter than water 

displace when floating on its surface ? 

A body specifically lighter than water will sink in it till 
so much of it is below the surface, that a bulk of water equal to the 
bulk of the parts of the body which is below the surface is of a 
weight equal to the weight of the whole body. 

1159. — How and to what distance is the pressure on a fluid trans- 

mitted ? 

The effect of pressure is transmitted through its particles 
"to any distance, however indefinitely great, to the limit of its 
volume. 

1160. — ro) What is the immediate cause of fluid motion, and {b ) 

tohat are usually the secondary causes ^ 

{a) Gravity. 

(b) The other accelerating forces are the extent of the mean 
radius or wetted perimeter, and the shape of the channel. 

1161. — Besides that loss of head from frictiomvhat other causes 

produce loss of head ? 

There is frequently loss due to change of direction, caused 
by bends and angles in the pipes. When the bends are of large 
radius and are not numerous, their influence may be neglected, but 
angles and lends of a small radius occasion a considerable loss. 

1162. — What are the principal results required ? 

The results principally required are the flood or maximum 
the catchment area ; its mean discharge throughout the year, and 
discharge, in cubic feet per second of the river or stream, draining 
its minimum discharge in seasons of extreme drought, as well as in 
its ordinary low stage, dividing each of these by the catchment 
area, similar results per unit of catchment are obtained, to obtain 
the depth in feet of rainfall run off undereach of those conditions. 
The relation between these quantities and the probable or approxi- 
mate downpour over the catchment area can then be compared with 
those known to exist in other corresponding cases and a valuable 
"Check on these important results thtis obtained. 
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1163 . — are the heat hnown formulae for this calculation ? 

The three best known formulae for this purpose are : — 

(1) 27 (K)i 

(2) Q«K2 100 (K)f 

(3) Q=K3 1300K(L) |. 

In all these K is the catchment in square statute miles, Q the 
flood discharge in cubic feet per second, in the third L is the length 
of the main river or stream under consideration, in statute miles ; 
while the co-efficient K^, Ka, K3, are the local drainage co-efficients 
suitable to each formula respectively. 

1164 . — What is the disadvantage and advantage of formula ( 1 ) ? 

Formula (1) requires a ver}'^ wide range of valves of K^, and 
is hence inconvenient, though simple in form. 

1165 . — ir/iai5 are the uses of formula (2) ? 

Formula (2) is preferable ; it is a modification of Colonel Dickens* 
formula, Q = 825 (K) J, suited to Bengal proper and Bahar, though 
it afterwards appeared that formula (2) with co-efficient near to 
K = 8*25 was suited to large tracts of Indian plains having an 
annual rainfall of from 24 to 50 inches 

1166 . — In aaaeaaing a water-tax what are the several ^points to he 

taken into consideration ? 

In the assessment of a water-tax there are several points to be 
considered: (1), the original cost of construction of the work; (2), 
the means by which the money was furnished ; (3) if by loan, the 
period over which the loan is extended, together with its interest 
and compound interest ; (4), the annual expenses m the mainten- 
ance of the water works; (5), the actual population, and (6), the 
proportion of wealthy to pauper people, -i.e., the number by whom 
house-connections are likely to be made. In an entirely pauper 
population, or one, say, of a large agricultural village, the cost of 
paaintenance of a constant water-supply system, either with or 
Without the use of machinery for pumping, could not be met by 
rates, and loss would be inevitable ; but where, as is the case 
in most towns of India, a part of the community is more or less 
wealthy, there is every facility for carrying out any method of 
supply that may be deemed expedient. 

1167 . — ITow may we guard against the accidental failure of the 

hall-valve or cock ? 

By using some kind of overflow pipe and since the water 
always enter’s under considerable pressure, it nfhst, in order that it 
may discharge the same quantity in the same time, be very much 
larger than the supply-pipe. On no account whatever should it be 
carried into soil-pipe, waste-pipe, rain-water-pipe, or any pipe having 



2€8 


WATEE. 


[part tr 


any communication with the drains ; the interposition of a syphon 
bend in such cases is utterly useless, since as the ball-valve may get 
out of order the trap will always be dry. Overflow pipes of this old 
and objectionable kind are now happily prohibited by the Water 
Companies, not indeed on sanitary considerations, but because it 
was found to bo a common practice of householders to tie up the 
ball- valve and allow the water to run to waste, with the object of 
flushing the house drains. The law now requires the overflow pipe 
to discharge itself in the open air, in some conspicuous situation 
where it can be seen from the street, or at least such that the house- 
holder must in self-defence have the ball-valve repaired without 
delay. They are then called warning pipes. 

1168 . — What are the hvo hinds of taps in common use ? 

(а) The plug tap, which is like the tap of an ordinary gas jet ; 

(б) The screw-down tap. 

1169 . ^What are their respective advantages and disadvantages ? 

The plug tap shuts off the water hy a half turn, is therefore 
rapid in its action and for the intermittent system very good, as it 
is also in cistern pipes. It is not desirable in the constant system 
where the pressure is high; for this purpose screw-down taps are 
needed : screw taps save the water pipes from shock in the high 
pressure system : if a plug tap be used in these cases, the sudden 
shock to the pipes is very great as the flow 6f water is checked so 
suddenly, 

1170 . — What are the best form of taps for lionses supplied on the 

constant system ''' 

The screw-down tap. 

1171 . — Where should it be placed f 

Where the pipe enters the house 

1172 . — Who should have charge of this tap 1 

The tenant [with the tap in his possession]. The tenant may 
turn off the water should there be a burst in the pipe, or he can 
empty the pipes in frosty weather; screw-down taps have the ad- 
vantage of stopping the water gradually without any concussion. 
It would appear also that notwithstanding the tendency not to 
abut these taps off completely, there is actually less waste in- 
volved in their use than with either of the ©ther kinds. Hence 
this description of tap is the one specified as permissible in the 
“Regulations.” Another advantage possessed by this tap is 
that it is easily repaired, and that frequently without the neces- 
sity for employing skilled labour. 

1173 . — Warns a good form of screw -down cock ? 

The various descriptions of screw-down cocks have each their 
advocates, but the one most generally in use is the high pressure 
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loose valve tap. The working screw of the best description is contain- 
ed in a separate top piece which screws into the body of the tap. 
The whole of the parts requiring renewal are connected with this 
top piece, which being screwed to a standard gau^, may Tn a few 
minutes be removed, and a new one substituted. The valve being 
loose causes the leather washer to be as durable as possible ; the 
water however, in some cases, seems to affect its durability much 
more than in others, and when carelessly made fittings are permit- 
ted, washers last but a short time. A double-action bib-cock, 
designed to allow of its being repaired without turning off the 
water, may also bo used. This is effected by having two valves, 
the upper of which acts in precisely the same manner ; when how- 
ever it is necessary to remove this valve for any purpose, a second 
valve is forced upwards into the valve seating, thus stopping for 
the time being the flow of water through the cock. 

'Where are bill-cocks chiefly used ? 

The plug-cock is, as a rule, only used in towns where an inter- 
mittent supply exists, and is nearly in all cases prohibited where 
there is a constant service. The plug-cock, although rather cheaper 
in first cost than the screw- down cock, is much the inferior one to 
use. It is liable to cause rupture of the pipes by concussion, and 
consequent leakage from the suddenness with which it stops the 
flow of water, and being expensive to keep in repair ultimately 
becomes the more costly article of the two. There are many 
varieties of bill-cock from the plug-cock to the screw-down with 
double- valve. 

Ball-cocks or taps are so varied as bill taps, but those mostly 
in use for high pressure are the equilibrium taps of Messrs. Lambert 
and Son, Fig. 5i99, and Messrs. Guest and Chrimes ; and the loose 
valve ball-cock of the latter firm. Fig. 250 is a section of Stone's 
patent sliding socket ball-valves. The length of the lever 
-and size of the ball should be specified, being proportioned 
according to the pressure. Two or three inches space should be 
allowed between the highest water level and the outlet of the 
waste pipe, and cisterns should be so fixed that the ball-cock can 
be easily? examined or repaired. 

Waste Preventers . — There are several kinds of waste preventers 
in use. They are generally designed on the principle of arresting 
the flow of water after a limited quantity has passed, so that 
should the tap be carelessly left open, the water would neverthe- 
less flow. 

Self-closing taps of various descriptions have been tried at dif- 
ferent places, but have generally been abandoned as they create 
concussion if the pressure is considerable. They were intended to 
reduce waste of water, but are often more likely to increase it, as 
some of the consumers, to avoid the inconvenience of holding the 
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handle whilst water is being drawn, will prop or otherwise fasten 
it open and then carelessly leave it in that position. 

117<S . — What are the uaee qfatop-tape ? 

They are sometimes made to answer the purpose of a ferrule ; 
and are at other times used separately, as a rule, either fixed on 
the foot path, or beside the house. The old plug- cook is still in 
use in some places, but is being superseded by the screw-down, 
loose valve stop-cock, which is much superior, as it avoids the 
ooncussion caused by closing the plug-cock ; the loose valve also 
prevents the passage of foul air into the mains when they are 
emptied. It is also more durat>le, easier to repair, and if the double 
valve is used, the repairs can be done without shutting off the 
pressure in the main^. 

1176. — What ia the use of a stopferrule ? 

It forms a connection between the house service and the main, 
and is used for the purpose of cutting off the supply to a house 
when required for repairs, alterations and other purposes, without 
interfering with the flow of water in the main. It has a screwed 
end for attachment to the main, and a screwed or tinned end for 
connecting with the house services. A seating is made in the 
body of the ferrule, down upon which, when it is necessary to shut 
off the water, is screwed a loose valve similar to that in Fig. 297. 

1177. — What objection may he raised to live ove'i’flow pipe from a 

cistern opening on to the outer wall into the roof gutters ^ 

The pipe may become blocked up with ice in winter, which 
would render it useless, and the water would then overflow into 
the house. 


CHAPTER IX. 

Methods of Water-supply — Constant and Intermittent. 

1178 . — What systems are employed in the distribution of water in 
public water-supplies f 

Two systems are in use — the constant and intermittent methods 
of supply. 

1179 * — Describe what is meant by constant and what by intermittent 
water-supply. 

By ‘ conatant* water-supply is meant the supply under pressure 
at all times of the day and night of water for domestic, trade, and 
etiier purposes. Or, in plain terms, the water mains are kept charged 
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day and night, at such a uniform pressure that the water could* in 
case of five, he forced over the highest buildings in the district or 
town. 

By ‘ intermittent * water-supply is meant the supply of water 
at stated times, house-cisterns or other receptacles being necessary 
to store a day’s supply. In the intermittent supply tl^e house- 
holders, tenants or others requiring the water, can only obtain it at 
stated hours, or for a short period daily necessitating their storing 
it in tanks, house-cisterns, etc. In some cases the supply lasts for 
a few hours during the day but mostly it is limited to 20 or 
30 minutes. 

1180 . — Summarise the advantages of the constant service, 

(1) It requires no storage of water. Owing to the absence of 
cisterns, or improper receptacles, the risks connected with sta^ant 
water, and with improper ending of overflow pipes, are obviated. 
There is no exposure to polluted air in the cisterns or to dust, mice, 
bird-droppings, insects, etc. 

(2) The risk of suction into the pipes of external or soil contami- 
nations is reduced to a minimum, since the pipes are never empty, 
with the mains and sei vice-pipes always full and under pressure, 
the possibilities of the water becoming polluted are greatly reduced. 
Foul liquids and gases cannot easily find access to the interior of the 
mains through faulty joints, and pollution cannot be sucked in at 
the open end of the house service pipes if the pressure is always 
outwards. 

(3) The pijies are less liable to rust ; air, in the presence of a 
little moisture, causes rapid corrosion. Further there is an absence 
of gases which are either sucked in or generated within the pipes 
during the intervals of supply as occur in the intermittent system. 

(4) There is an abundant supply of water in case of fire. 

Of course, when there is a temporary stoppage of supply, as 
for repairs, some of the dangers incurred by an intermittent supply 
will arise even in the constant system. 

There is no doubt that the constant system is the safer, espe- 
cially for poor houses, as it leaves no loophole for inattention in the^ 
cleansing of cisterns. Only it requires that the constant system 
should really fulfil the conditions laid down for it, viz., it should 
deliver sufficient water at all times, and not merely delude us with 
a phrase. [The only objectors to the constant service are the water 
companies. They urge that the fittings required for this system are 
expensive and liable to be stolen ; and that, when through careless- 
ness or accident, taps are left open or pipes burst, the waste of water 
is much greater than with a cistern supply. These objections have 
not been found to hold good where there is a well regulated and 
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properly inspected constant supply ; the increased waste with a con- 
stant supply, only occurs where it is adopted with the same fittings 
and pipes as were used for the intermittent supply. But where 
the best screw taps and fittings are provided and judicious regula- 
tions for preventing waste are enforced, the consumption of water 
is less than with an intermittent supply. 

One valuable point in the constant system is that, in order to 
:aid inspection ana the detection of waste, the waste pipe is not 
allowed to open into any part of the drainage ; but, under the name 
of a “ warning pipe’’ is placed where the escape can be seen, and if 
In a house will put the owners or occupiers to inconvenience in con- 
sequence thereof.] 

1181 . — How may waste he limited ? 

To cheque waste in the pipes in the constant system, waste 
meters may be placed in various sections, and water works meter 
indicates position of leakage. 

I188.-Jfi iU constant system always })racticahle ? 

No ; it may be necessary to adopt the intermittent system 
when the water is scarce. Thus, in some districts, the supply is 
only afforded for a certain number of hours in the day ; and it be- 
comes necessary for each household to store a sufficient supply for 
itwenty-four hours, in elevated cisterns. The intermittent system, 
now becoming obsolete, is attended by many risks and disadvan- 
tages and is only defended on the grounds that it incurs somewhat 
less waste and that the substitution of constant service would 
entail considerable outlay in providing better fittings. The dan- 
•gerous and filthy pollutions are thereby avoided. 

1183 . — Are the advantages of the constant system always manifest ? 

By nomeans ; for in actual practice, in many cases, these advan- 
tages have been somewliat reduced by errors ou the part of both 
consumers and water companies. Unless constiiut inspection is 
exergised, and the taps and fittings in houses frequently supervised, 
there is great waste. This occurs especially in cases where an inter- 
mittent service has been changed to a constant service, and the old 
pipes and fittings have been retained. The companj', to economise 
water, shut it off from the house-pipes, and then no water is obtain- 
able, perhaps for many hours. 

What is done in orier to limit the amount of domestic waste ? 

In order to prevent undue waste water meters are sometimes 
:applied to the service-pipe supplying a group of houses, and the 
landlord charged for the amount used, but as this plan induces the 
landlord to enforce a too rigid economy, it is not to be commended. 
The best water meters are capable of registering exactly all amounts 
■exceeding a flow of one gallon per hour. 
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^ i^^BB.’^Mention dangers to which water mains cure Uahlewhen ihe^ 
are in proximity to sewers. 

If water mains and sewers are laid in the same trench, there is 
a possihility of foul matters, which have escaped into the soil from 
leaky sewers, being sucked into the water mains during intermis* 
sions in the service. In a similar manner, too, water mains may 
anck in from the surrounding soil coabgas which has escaped from 
leaky gas pipes and mains. Such intermissions are the daily occur- 
rences of an intermittent service, and are often unavoidable with a 
constant service when executing necessary repairs to the pipes. The 
water and sewerage systems should be kept as far apart as possible. 

[With a constant service the mains are always charged in case 
of hre ; with an intermittent service much valuable time is often 
lost in finding the tum*cock.] 

1186 . — Name a special advantage of the intermittent system. 

The higher parts of the town do not run the risk of being 
deprived of water by the waste which takes place in the lower 
part. 

1187 . — Name t%'o special disadvantages of the constant system. 

Insufficient supply leaves the pipes empty at times, and foul air 
(it may be coabgas or sewer air) is drawn in ; and (2) if the pres- 
sure is low a ferrule is sometimes put in the pipe thus narrowing 
the diameter, so that the water runs in a very small stream. 

In the intermittent system the water is cut off from the smaller 
mains, except for 20 minutes or half -an -hour, once or twice a 
day, or it is turned on for certain days of the week only, thus neces- 
sitating the storage of a suppl}’ in the house. 

It is a common error to suppose that the constant service 
means an unlimited supply, and the intermittent a very much re- 
stricted one. In the former, the supply per head of population 
depends on the quantity that can be raised daily and the capacity 
of the storage reservoirs. As the water is always available, every 
precaution has to be taken in the constant svstem to guard against 
wilful waste, for if such waste w'ere universal, the supply would 
soon terminate. 

- 1188 .— are the objections alleged against the constant system, 
arid how far are these objections valid ? 

The objections to the constant supply system are that it en- 
courages waste and extravagance, and that no means can be taken 
to provide against these, (2) that the pipes and fittings are ex- 
pensive, and (3) with weak or defective pipes or fittings, leakages 
and waste may occur. These objections are onlj^ valid when the 
taps and fittings used under the intermittent system are allowed to 
remain. When the constant system is adopted, only “ screw -down 
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tupg” of tba best description shonld be allowed ; and ta pref^smt 
^Bte from closets, a small cistern may be connected witb each 
closet, containing two gallons or enough water for one “ flush/* It 
has also been suggested to put the service pipes in the poorer 
neighbourhood (u a town in such a position on the lan^ngs that 
neglect shall cause such inconvenience as to enforce care. 

[With the constant service occasionaliy pipes will have to be 
repaired ; in that case the water must be turned off from mains < 3 /^ 
branches, and suction will then result just the same as with the 
intermittent. In both cases defective mains or service pip^f 
although runnmg horefulU may draw in polluting matters. It has 
been proved experimentally that a fluia flowing through a tube 
with defective joints although the tube may be borefull and at 
some pressure, yet a vacuum may occur at the joints, and any gas 
or liquid in contact with the joints sucked ; for instance, Mr. John 
Spear traced an epidemic of typhoid at Mountain Ash to the con- 
tamination of the water-main in the manner indicated. Another 
objection is the insufficient delivery when the supply is not 
abundant.] 

1180.— IFAai points in connection with the constant system deserve 
special attention f 

The diameters of the pipes for constant service should be 
carefully adopted to their discharges ^nd to the head of 
pressure ; the drawing taps ought to be valve-cocks to open and 
shut with a screw, and the town should be efficiently provided 
with distributing basins so that an extra flow of water in one dis- 
trict would not interfere with the requisite supply of other parts. 
When the water is raised by pumping and tnere is no reservoir, 
the constant system is impracticable. 

The late Dr. Parkes suggested that in the constant system a 
good screw stop-cock, available to the tenant, should be placed at the 
point of the entrance of the pipe into the house, so that the water 
may be turned off if pipes burst, or to allow the pipes to be empty, 
as during frost. Every precaution must be taken that impure water 
is not drawn into the pipes by a pipe being emptied and sucking up 
water from a distance. 


1190 . — Discuss briefly and in general terms the subject of the inter* 
mittent and constant service of water. 

In almost all provincial towns, and in many parts of London, 
the water-supply is maintained constantly, j^ave in times of ex^ 
c^ional drought. In some districts, however, the supply is only 
amnded for a certain number of hours in the day ; and it becomes 
necessary for each household to store a sufficient supply for twenty- 
fotur hours, in elevated cisterns. The intermittent system, now 
becoming obsolete^'js attended by many risks and disadvantages,^ 
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-aiid is only defended on the grounds that it incurs somewhat less 
waste, and that the substitution of constant service would entail 
considerable outlay in providing better fittings. On the other hand 
^6 cisterns, which must be large enough to meet the maximum 
(nOt the average) daily consumption, are costly, and are liable to be 
come foul ; the water stored in them is stagnant, and absorbs impu» 
rities from the air coal-gas, sewer gases, or liquid filth are liable to 
be drawn into the mains and service pipes when empty ; and, apart 
from^his, the alternate contact with air and water tends to corrode 
the pipes, and favours the absorption of lead. 

In the event of fire, a house or district under the intermittent 
system is at great disadvantage. 

1191 . — WJiathoi been tlie chief objection raised by water companies 
to the constant system ? 

It has been urged as an objection to the general adoption of 
the constant system of supply, that where an unlimited supply of 
water is at all times obtainaole, there will be an undue use of l^ater, 
a large portion of the water taken being allowed to run to waste. 
[Experience under the intermittent system of supply has furnished 
iallacious arguments for this contention.] 

1192 — Has experience justified this statement ? 

It has not : experience under the constant system has shown it 
to bean unfounded conclusion. It is not found, with a constant 
supply, that it is altogether impossible to limit the consumption — 
or rather consumption plus waste — to a reasonable amount. 

1193 . — What was the cause of the antipathy that arose against the 

constant system T 

A prejudice was created against the constant system by the 
absurd regulations attempted to be introduced so as to prevent 
waste, such as the delivery of water through minutely constricted 
pipes so that the water would issue only in a dribble “ throttling 
the supply.” 

1194 . — Can such regulations he carried out ? What would he the 

result of giving effect to them ? 

Such regulations are impracticable and dangerous in case of 
fire, and with proper supervision it is found that the substitution 
of a constant for an intermittent system has actually resulted in 
the saving of water. Indeed, in the present day, the relative 
values of the two systems can hardly be a matter of dispute ; and 
no householder who has experienced the comfort and benefits of a 
constant supply, would willingly have a reversion to the intermit- 
tent system. Even for villages — and oftener for groups of villages 
—a constant supply is now-a-deys frequently laid on, to the great 
-comfort and advantages of rural populations. 
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1195* — Whatii tlie true outcome of mjperience wi the constant 
gyatem ? 

That with good regulations, vigilant inspection of cisterns, 
waste-pipes, and taps, waste is brought within reasonable limits,^ 
and the undue use of water may be limited in other directions. Ta 
laree water- consumers the supply may be by meter ; but it has not 
hitherto been found possible to supply water by meter in all cases. 

X199. — In changing a water service from intermittent to conatanir 
what alterations in the fittings should he insisted upon ? 

In changing from constant to intermittent supply the storage 
cisterns will become unnecessary, and may be removed; but the 
principal changes will be those to be made for the^purpose of pre- 
venting waste. To this end “ service boxes” will, nave to be fur- 
nished for all water-closets not already' supplied with them ; the 
taps must all be strong, serviceable articles, of tlie screw'-down 
pattern, and it may be necessary, if the pressure be great, to re- 
quire stronger service pipes than formerly. 

1197. — How far are the dangers connected with the constant andd 

intermittent systems aggravated by prolonged frost ? 

Dangers from faults in pipes occur after successive frosts from 
the expansion and eventual bursting of the pipes by the increase 
in bulk of the confined water in freezing. , [During frosts, large 
areas supplied under a constant system may be wholly without 
water, both mains and pipes (laid at improper depths) being frozen. 

Water was supplied from carts, received in all sorts of impro- 
vised receptacles, placed wherever there was room for them, thus 
introducing, in an aggravated degree, all the dangers of the inter- 
mittent system of storage.] 

1198. — Name some ioivns supplied on the constant system. 

London, Eastbourne, Birmingham, Wigan, etc. 

1199. — Name some towns suppdicd on the intermittent system. 

Oxford, Bath, Tunbridge Wells, etc. 

1200. — Why should the poorer classes he provided icith water on the 

constant system ? 

Because (1) there are no cisterns to be fouled and cleaned; 
(2) water is available at all times of the day ; but it should be dis- 
tributed to every house and every storey of the house. 

1201. — Can any compromise or intermediate method he introduced ^ 

Some engineers have proposed what may be called a compro- 
mise between the intermittent and constant systems. The objec- 
tion to this plan is that cisterns are re-introduced, and their lessen- 
ed size does not remove the objections to thorn. 
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'XSkO^.^^Ennwi^/OLte the chief diaad/cantagcs to the constant supply, 

1. The fittings required are expensive. 

2. If from accident or carelessness the pipes are left opened 
there is great waste. The same occurs if a pipe bursts. 

[If well supervised and regulated these objections are not 
valid.] 

1203 .— are the disadvantages of the intermittent system ? 

With an intermittent service of matter, during the intervals 
of supply, water is only obtainable from cisterns, water butts, etc. 
The objections against this system are that The cisterns requir- 
ed are expensive and liable to get out of order and become foul. The 
cistern is often composed of material which yields dangerous im- 
purities to the water, such as lead, wood, etc., and as it is often placed 
in an inaccessible part of the house or is neglected, it becomes 
foul and remains so. (2) Their overflow pipes commonly com- 
municate with the soil pipes or some other part of the drainage, 
instead of opening into the external air. (3) Putrid gases, from 
neighbouring stench pipes or other parts of the drainage system, are 
liamo to be absorbed by the stagnant water in the cistern, and thus 
may arise diarrhoea, enteric fever, diphtheria, etc. (4) The chief 
objection to an intermittent supply is that during the intervals 
in which the water pipes are empty, foul air and liquids from the 
contiguous soil and drains are liable to be sucked through im- 
perfect joints into the pipes. (5) In case of fire, the supply of water 
in the cistern is soon exhausted, and no more of it is obtainable until 
the turn-cock is found; thus there is often delay at the most im- 
portant time. The importance of this evil is shown by the great 
reduction in insurance rates in Manchester, Liverpool, and other 
places, on the substitution of a constant for an intermittent service. 

Another disadvantage of the intermittent service is that the 
capacity of the cistern is often utterly inadequate, especially in 
poor houses, for the wants of the people, who depend upon it as 
their only source of supply. So great is this deficiency of storage 
capacity in many parts of London, that the water companies erect 
stand-pipes in courts and alleys, which are connected with a main 
always under pressure. 

This latter point has been disputed, as regards the pipes, on 
the ground that there is a greater strain on the pipes where the 
water is suddenly turned on and off with a common stop-cock, than 
where it is slowly turned on or off by the screw-down tap used 
with a constant service ; but it must be remembered that with a 
constant service the water in the house pipes is under a much 
lighter pressure than where the pipes are connected with a cistern 
in the house. 

In poor districts, the cisterns are often of a very inferior descrip- 
tion, are badly situated, and are seldom inspected or cleaned out. 
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So xnaaj are the objections to the intermittent system that it 
is rapidly falling into disfavour and is being replaced by the conr 
stant. Almost all now public works are constructed for the constant 
system of supply. 

1204 . — What been proposed to overcome the disadvantage qf 

8malli or badly-made cisierna in poor districts ? 

To meet the objection, it has been proposed to have one large- 
tank for the supply of a group of houses, the tank to be under tho 
immediate inspection of the water-works officials and to be filled 
daily, and the householders to be supplied through small pipes 
constantly charged. 

1205 . — Enumerate briefly the disadvantages of the intermittent 

system. 

1. The cisterns required are expensive and liable to get out of 
order. 

2. Their overflow pipes sometimes communicate with the soil 
pipe or some other part of the drainage system instead of opening 
into the external air. 

3. Putrid gases from neighbouring stench pipes may be- 
absorbed. 

4. During the interval the waste pipes are empty, and foul air 
may be sucked in from contiguous soils and, drains. 

5. In case of fire the water is not to be had. 

1206 . — How may the water be contaminated in the pipes by intsr-^ 

mitient system ? 

When the pipes and mains are empty of water, especially if the 
joints be badly fitted, or if there be holes in the pipes, foul air is. 
sucked in and fills the pipes and mains, and the next time the water 
is turned on these gases are absorbed and carried to the houses ; 
also if near leaky sewers, foul water may get into the water pipes- 
through leaky joints or holes, and be carried into the cisterns the 
next time the water is turned on. 

1207 . — Could this happen with the constant system ^ 

Not if the water is under high pressure and not flowing with 
too great velocity ; but if the water flow rapidly past a hole or leaky 
joint, foul gases, foul fluids, and debris might be sucked in, or more 
probably forced in by the pressure of the surrounding atmosphere ; 
the rapid passage of the water along the pipe rarefies the air in 
the hole in question. The risk of this, however, is far greater in 
the intermittent system. 

1208 . — are the disadvantages of the constant supply (a) to the 

consumer, and (h) to the water company ? 

The objections to this system are only removable failures, there 
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kt no cbane6 of oontamin«tion except in the pipes or reservoir. The 
disadvantages are: — 

(a) To consumer. — There are none if there be “ abundance " of 
water, as to Glasgow ; but if it has to be economised it is often shut 
oS, and the bouses get none for hours, though this is usually done 
at night. Again, sometimes a throttle valve, ferrule, pin, or pea is 
put into the house pipe to reduce its diameter, and then if the pres- 
sure be small the water only ** dribbles ” into the house, and one 
must wait for a couple of hours or so before enough water can be 
got for an ordinary bath ; or, again, a water meter is put on and 
the water charged accordingly, and this leads to sparing use and 
damage to health. All these points, of course, are meant to save 
the company’s pocket, but tell against the consumer. It is best to 
have a constant service at high pressure and direct from the main — 
no cisterns, or storage tanks, or “ pea *’ in the throat of the house 
pipe. 

(b) To the company . — The ** constant system, it is said, is 
apt to lead to great waste of water from bad fittings, fraudulent 
abstraction of water, the fittings stolen and great waste occurs before 
the theft is discovered. All this can be remedied by effective con- 
trol and proper appliances. 

1209 . — Upon this point what has Sir George Buchanan shown ? 

“ That there is danger of in-suction if a perforation exists in a 
descending pipe, and especially at a point of constriction, even if 
the pipe is constantly full.” 

1210 . — TT/mi are the causes of waste in the “ constant** system T 

1. Escape between the main and the house ; this belongs to 
the water company. 

2. Careless consumption or wilful abuse. To check this the 
company’s officers must supervise the taps and pipes, or waste 
preventors may be introduced ; the company has also power by Act 
of Parliament to enter houses and see that there is no waste, andean 
also repair fittings at the expense of the tenant. 

3. Waste from improper apparatus and fittings. All fittings 
il^ould be examined and stamped before they are sent out ; and in 
come places only authorised plumbers are allowed to fix them up. 
If meters are used, do not charge for every drop, like gas, because 
the people will not use enough and fall into ill-health, sewers will 
become blocked, etc. Allow a certain quantity each day, say 
25 gallons per head, and only charge a^ove this amount. 

\ * 

1211 . — may the waste in the constant system he pixvented T 

By haying good pipes, well jointed, good fittings to hydrants. 
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«orew«d-doim taps, and using Deacon’s waste water meters over tke 
supplied area. 

1212 . — What objection is there to the use of small meters ? 

The small meters sometimes used do not act well, and, in fact, 
they are said to allow the liquid to pass through them unregistered. 
The same cannot be said of large meters. Water companies, charging 
rates, appear to have an invincible repugnance to supplying water 
on any but a very large scale by meter. For towns the preponder- 
ance of opinion is undoubtedly in favour of the constant system as 
best securing economy of water, purity, palntability, coolness, and 
personal and domestic cleanliness. 

1213 . — Mention a method of economising ivafer supplied in the 

constant system. 

That a cistern large enough to hold a twenty -four hours’ supply, 
be provided for each house and that the service pipes shall be of a 
diameter to deliver the required quantity during that time, and 
nothing more. Every cistern supplied in this way would become 
gradually emptied during the day time and would be refilled during 
the night, and this plan is open to the great objection attaching to 
the intermittent system, ana does not sufficiently provide for emer- 
gencies. [In the constant service there is no interceptor between the 
supplier and the consumers. The actual amount of water consumed 
in the constant system has been calculated to be less than on tho 
intermittent plan, but the waste is undoubtedly greater.] 

1214 . — What is the essential difference between the intermittent and 

constant methods of supply ^ 

The essential difference between the two plans is that in the 
first case there is storage in the houses for from one to three 
days ; while in the latter case there is either no storage, or it 
is only on a very small scale for two purposes, viz., for water-closets 
and for the supply of kitchen boilers. It should, however, be un- 
derstood that the constant supply has not always meant in practice 
an unlimited supply, nor has it been the case that the water in the 
house pipes was always in direct communication with the water in 
the reservoirs. On the contrary, the water to the houses has often 
been cut off, particularly in plaoes where the supply was limited, and 
the fittings not good, and where there was groat waste. [Water 
should bo laid on to every house, and to each floor in the houses of 
the poorer classes. An insufficient supply leads to deficient washing 
of persons, clothes, houses, yards, streets and drains, and produces 
a lowered state of health among the population.] 

1215. ^'lVhftt is Frof. Franklan'd’s opinion in regard to tho 

constant and intermittent systems of supply ? 

1. All storage of drinking water in houses is attended with 
the risk of pollution. Good water is spoiled, and bad water rendered 
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worse by the intermittent system bf supply. All drinking water 
ought to be drawn direct from the main. 

2. Under proper supervision, the waste of water is less on the 
constant than it is on the intermittent system of supply. 

3. These and other advantages have led to the adoption of the 
constant system in a great majority of British towns. 

1216 .— is meant by ** double supply ** ^ What are its ad- 
vantages and disadvantages ? 

In view of the difficulty which sometimes exists, of obtaining 
from a single source a sufficiently abundant supply of good water to 
meet the wants of a large community, it has often been proposed to 
adopt a system of double supply, i.e., to furnish water of two quali- 
ties. It is true that for many purposes, as for extinguishing fires 
and for sprinkling streets, a water would answer which would not bo 
suitable for drinking, and such a supply might in many cases bo 
easily procured, while to procure an abundance of water well 
suited for drinking would involve a large outlay. To the double 
system there is no objection, if the poorer water can be drawn only 
from street-hydrants, which are under municipal control, but it is 
not practicable to supply two sorts of water to private dwellings, with 
any security that the distinction between them will be regarded; no 
domestic, and indeed no average inhabitant, will fail to use for 
all purposes that water which is most handily obtained, unless, 
indeed, it be actually repulsive to the taste. In the case of large 
•cities, it is seldom that a single source of sufficient size can be 
found, and it becomes a question to be settled by local considera- 
tions whether each portion of the supply shall be distributed to a 
different section of the city, or whether the water from all sources 
shall be united in a common reservoir or reservoirs, and distributed 
'therefrom. 


CHAPTER X. 

Sanitary Laws relating to Water and Water-supplies. 

1L217 . — What are the general powers and duties of an Urban Au- 
thority under Public Health Act, 187-5, with regard to 
water-supply ? 

They are given general powers for supplying district with 
water, viz,, to construct waterworks, dig wells, lease, hire, or pur- 
chase water works, and to contract to supply water ; to carry mains 
within and without district ; to supply water by fheasure ; to sup- 
ply water to adjoining district ; to close polluted wells ; to borrow 
money to carry out any of the above. 
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As general duties in this respect, they are to keep wate» i^tdks 
in good order and repair, and to supply pure and wholesome water 
in some cases to require houses to be supplied with water ; to sup- 
ply water when required for public baths and for trading purposes^ 
to wo vide fire plugs ; to prosecute persons polluting the water. 
fP. M. A., 1875, secs. 51 — 55.) Local authority cannot supply water 
if there is a good supply from existing company to district.. 
(Sec. 52, P. H. A., 1875). 

Note, — Individuals may object if they are affected by the con* 
struction of water works. (Sec. 53, P. H. A., 1875.) 

1218 . — What provision is made for the prevention of pollution 

of water -supplies^ and what pencdty attaches to persons 
apprehended for causing pollution ? 

Section 70 of the Act which relates to this subject runs aa 
follows : — “ On the representation of any person to any local author- 
ityj that within their district, the water in any well, tank or 
cistern, public or private, or supplied from any public pump, and. 
used or likely to be used by man for drinking or domestic purposes, 
or for manufacturing drinks for the use of man, is so polluted as ta 
be injurious to health, such authority may apply to a court of 
summary jurisdiction for an order to remedy the same ; and there* 
U]>on such court shall summon the owner or occupier of the pre* 
mises to which the well, tank or cistern belongs, if it be private, or 
in the case of a public well, tank, cistern or pump, any ^rsou 
aUeged in the application to be interested in the same : and may 
either dismiss the application or may make an order directing the 
well, tank, cistern or pump, to be permanently or temporarily 
closed, or the water to be used for certain purposes only, or such 
other order as may seem to them to be requisite to prevent injuiy 
to the health of persons drinking the water.’* 

The court may order the water to be analysed, and if the per- 
son on whom an order is made, fails to comply with the same, the 
court may, on the application of the local authority, authorise 
them to do whatever may be necessary in the execution of the order, 
and expenses may be recovered from the person on whom the order 
is made. 

1219 . -* provisions are made for the inspection of water* 

supply by 8. A. ? 

Every rural S. A. must, through their officers or otherwise, pro- 
vide for the periodical inspection of the water-supply of their district. 

1220 . — TFTiaf potvers of entry are given in respect to insp^tion of 

water-supply in homes and premises ? 

By section 7 the same powers of entry as are given by seotiona 
102 and 103 of the P. H, A., 1875, regarding nuisances. 

1221 . — Whod do sections 51 to 61 of the P. H, 1875, dealwUh ? 

Sections 51 to 61 deal with the power to provide water-supply^ 

and the restrictions thereon. 
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JkSI82«*^TF'^^ Q>re th& most important laws concerning watfir^swpply^ 
eontained in the P. if. A.t 1875 f 

Those dealt with in sections 51 to 67. Local Boards may supply^ 
and in case of danger to health of inhabitants of a district for want 
of water or proper water, shall supply, water to their constituents ^ 
in case of their failure to do so Local Boards may be compelled to 
supply Or may have a supply provided at their cost by a machinery 
to be set in motion by the Central Government. Local Boards may 
require, that houses without a proper supply of water, bo supplied, 
and institute such a supply at the cost of the owners, and at an 
expenditure for the water supplied not exceeding two pence per 
week or a certain maximum, to be fixed by the Local Government 
Board. (Public Health Act, 1875, secs. 51 to 67.) 

1223. — What does section 62 of theP. H. A., 1875, deal with ? 

This section runs as follows : — 

“ Where on the report of the surveyor of a local authority it ap» 
pears to such authority that any house within their district is with- 
out a proper supply of water, and that such a supply of water can 
be furnished thereto at a cost not exceeding the water rate author- 
ised by any local Act in force within the district, or where there is 
not any local Act so in force at a cost not exceeding two pence a 
week, or at such other cost ns the Local Government Board, may on 
the application of the local authority determine under all the cir- 
cumstances of the case to be reasonable, the local authority shall 
give notice in writing to the owner, requiring him, within a time- 
therein specified, to obtain such supply, and to do all such workh as 
ma}' be necessary for that purpose. 

“ If such notice is not complied with within the time specified,- 
the local authority may, if they think fit, do such works and obtain 
such supply, and for that purpose may enter into any contract with 
any water company supplying water within their district. The 
water rates may be made and levied on the premises by the author- 
ity or company which furnishes the supply and may be recovered 
as if the owner or occupier of the premises had demanded a supply 
of water and were willing to pay water rates for the same, and any 
expenses incurred by the local authority in doing any such works^ 
may be recovered in a summary manner from the owner of the pre- 
mises, or may by order of the local authority be declared to be 
private improvement expenses,” 

^224.-- With what do sections 68, 69 and 70 deal ? 

With the pollution of streams by gas washing or sewage ; 
and section 70 with pollution of wells, tanks, etc. Sec. 70 runs as 
follows ; — 

On the representation of any person, to A local authority^ 
that within their district the water in any well, tank or cistern, public 
or private, or supplied from any public pumps, and used or likely to 
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be used fey tnan for driaking or domestic purposes, or for ma/PuAws- 
turing drinks for the use of man, is so polluted as to be injurious to 
health, such authority may apply to a court of summary jurisdic- 
tion for an order to remedy the same ; and thereupon such court 
shall summon the owner or occupier of the premises to which the 
well, tank or cistern belongs, if it be private, and in the cose of ft 
public well, tank, cistern or pump, any person alleged in the applicaticm 
to be interested in the same, and may either dismiss the application 
or may make an order directing the well, tank, cistern or pump to 
be permanently or temporarily closed, or the water to be used for 
certain purposes only, cr such other order as may appear to them 
to be requisite to prevent injury to the health of persons drinking 
the water.” 

“ The court may, if they see fit, cause the water complained of 
to be analysed at the cost of the local authority applying to them 
under this section.** 

** If the person on whom an order under this section is made 
fails to comply with the same, the court may, on the application of 
the local authority, authorise them to do whatever may be neces- 
sary in the execution of the order, and any expenses incurred by 
them may be recovered in a summary manner from the person on 
whom the order is made.’* 

“ Expenses incurred by any rural authority in the execution of 
this section, and not recovered by them as aforesaid, shell be 
special expenses.” 

lL22S,-^What is the deiinition of ike word ** stream** as given in the 
P. H. A„ 1876 r 

The word “ stream ’* is defined by section 20 as follows ; — 

“ Stream includes the sea to such extent and tidal waters to 
such point, as may, after local inquiry and on sanitary grounds, be 
determined by the Local Government Board, by order published 
in the London Gazette. Save as aforesaid, it includes rivers, 
streams, canals, lakes, watercourses, other than watercourses, at 
the passing of this Act, mainly used as sewers, and emptying 
directly into the sea or tidal waters, which have not been determin- 
ed to be streams within the meaning of this Act by such order as 
aforesaid.” 

1226.-15 it the dutrj of Rural Authority to provide or require 
provision of sufficient tvater-supply, and what procedure 
ts to he adopted for enforcuig sufficient water-supply for 
such requirement f 

It is ; the law upon this point is as follows : — It shall be the 
duty of every rural sanitary authority, regard being had to the 
provisions in this Act contained, to see that every occupied dwelling- 
nouse within the district has within a reasonable distance an avail* 
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abl^ supply of wholesome water sufficient for the consumption 
and pse tor domestic purposes of the iumates of the house. 

Where it appears to a rual sanitary authority, on the report 
of their inspector of nuisances, or their medical officer of health,, 
that any occupied dwelling-house within their district has not 
such supply within a reasonable distance, and the authority^ 
are of opinion that such supply can be provided at a reason- 
able cost not exceeding a capital sum the interest on which at 
tho rate of five per centum per annum would amount to two* 
pence per week, or at such other cost not exceeding a capital sum 
the interest on which at the rate of five per centum per annum would 
amount to three pence per week, as the Local Government Board 
may, on the application of the local authority, determine under all 
the circumstances of the case to be reasonable, and that the* 
expense of providing the supply ought to be paid by the owner or 
defrayed as private improvement expenses, proceedings may be 
taken as follows : — 

(1) The authority may serve on the owner of the liouse a 

notice requiring him within a time specified in the notice 
and nqt exceeding six months from the date of the 
service thereof to provide such supply, and to do all 
such works as may be necessary for that purpose. 

(2) If the expiration of the time so specified, the notice is not 

complied with, the authority may serve on the owner 
a second notice, informing him that if the requirements 
of the first notice are not complied with within one 
month from the date of the service of the second notice, 
the authority will themselves provide such supply, and 
that the expense of providing the supply will in that 
^ case be payable by the-owuier or as a private improve- 

ment expense. 

(3) If at the expiration of one month from the date of the 

service of the second notice, the requirements of the 
first notice are not complied with, the authority may, 
subject as in this Act is mentioned, themselves provide 
the supply, and for that purpose they may enter upon 
the premises and execute all such works as appear to 
them necessary for obtaining a supply of water for the 
houses, and for the purposes of such entry, sections 102 
and 103 of the Public Health Act, 1875, shall apply 
until the works are completed, in the same manner as 
if an order of a court of summary jurisdiction had been 
made for the abatement of a nuisance on the premises 
andithat order had not been complied with. 

(4) Any expenses incurred by the authority in providing 

such supply and doing such works may, when the supply 
has been provided, be recovered in a summary manner 
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from ' the owner of the house, or may, at th6 optibii^fcif 
the authority, be declared by their order, to be prfvalfe 
improvement expenses. 

(5) Where the owners of two or more houses have failed to 
comply with the requirements of the notices served on 
them under this section, and the authority might, undhr 
this Act, execute the necessary works for providing a 
water-supply for each house, the authority may, if it 
appears to them desirable and no greater expense would 
be occasioned thereby, execute works for the joint sup- 
ply of water to those houses and apportion the expense 
as they deem just. 

The authority may, on excuse being shown to their satisfao- 
*tion why the requirements of a notice served by them under thi» 
section, should not be complied with, withdraw the notice or modify 
the requirements thereof. 

Provided that nothing in this section contained shall be 
deemed to relieve the authority from the duty imposed upon them 
by the Public Health Act, 1875, of providing their district or any 
contributory place or part of a contributory place therein with a 
supply of water in cases where danger arises to the health of the 
inhabitants from the insufficiency or unwholesomeness of the 
-existing supply, and a general scheme of supply is required, and 
such supply can be got at a reasonable co^. (Public Health (Water) 
Act, 187o, 41 and 42 Viet., ch. 25, sec. 3.) 

1227 . — May the owiver appeal against requirement to provide 
water-supply ? 

In regard to this matter section 4 of the P. H. (W.) Act, 1878, 
states : — Where an owner of a house has been required by the notice 
of a rural sanitary authority to provide a supply of water for his 
house, and objects to such requirement on any of the following 
pounds ; (that is to say,) 

(1) that the supply is not required ; or 

(2) that the time limited by the notice for providing the 

supply is insufficient; or 

<3) that it is impracticable to provide the supply at a 
reasonable cost ; or, 

<4) that the authority ought themselves to provide a supply 
of water for the district or contributory place in which 
the house is situate, or to render the existing supply of 
water wholesome ; or, 

(5) that the whole or part of the expense of providing the 
supply, or of rendering the existing supply wholesome, 
ought to be a charge on the district or contributory 
place; 
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he mtkj within twenty-one days alter service on him of the second 
TjQtice/address a memorial to the authority, stating his objections, 
sand in that case it shall not be lawful for the authority to pro- 
with the execution of the works which they might otherwise 
'Oxieoute under this Act until they have been authorised to execute 
the same by a court of summary jurisdiction or by the Local 
^fevemment Board in manner hereinafter provided. 

' If the objections stated in the memorial do not include either 
the fourth or fifth of the above-mentioned grounds, the authority 
may apply to a court cf summary jurisdiction for an order author- 
ising them to proceed with the works, and thereupon the court 
shall summon the owner, and, if satisfied on hearing the case that 
the objections are not well founded, shall make an order author- 
ising the authority to proceed with the works in the event of their 
not being executed by the owner within a time limited by the order. 

If the objections stated in the memorial are or include the 
fourth and fifth of the above-mentioned grounds, or either of them, 
the authority shall forward a copy of the memorial to the Local 
Government Board, who may either cancel the requirement of the 
authority or confirm the same, with or without modifications. 

If the Local Government Board confirm the requirement they 
shall issue an order authorising the authority, subject to such 
modifications, if any, as they prescribe, to execute the works in the 
event of such works not being executed by the owner within a 
time limited by the order. 

Any such order may, if the Local Government Board think it 
•equitable so to do, apportion the expense of providing the supply 
between the owner of the house and the authority of the district 
comprising the contributory place in which the house is situate, 
or between the owner and any other person or persons. 

If the Local Government Board cancel the requirement on the 
ground that the authority ought themselves to provide a supply of 
water for the district or contributory place in which the house is 
situate, or to render the existing supply wholesome, the memorial 
shall be deemed to have been a complaint of default made to the 
Local Government Board against the authority under the 299th 
section of the Public Health Act, 1875.” 

1228. — Do the 'powers of the P. H, (TF.) Act o/1878, abrogate those 

of other Acts relating to water ? 

They do not ; “ all powep given by this Act. shall be deemed to 
be in addition to and not in derogation of any other powers con- 
ferred by Act of Parliament, law or custom.” 

1229. — Afay one or two part-owners or both appeal against appor^ 

tionment of expenses of water-supply f 

He, or they may. “ Where the expenses of providing a joiut- 
4ttlpply of water for two or more houses are apportioned under this 





Act by a rural sanitary authority among owners of the several 
houses, notices of such ajmortionment shall be forthwith given to 
each of such owners, and if any owner objects to the apportionment 
as unjust, he may, within twenty-one days after service on him 
of notice thereof, apply to a justice, and thereupon the justice 
may summon the authority and also the other owners, to show 
cause before a court of summary jurisdiction why the apportion^ 
ment should not be varied, and the court may either dismiss the 
application or make such order racing the apportionment as to the^ 
court may appear reasonable/* (P, H.(W.) A., 1878, section 5.) 

1280.«-Aray liouB^ in rural diatricU he erected or re-huilt without 
sufficient water •au'p'ply being provided ? 

They may not. It shall not be lawful in any rural district 
for the owner of any dwelling-house which may be erected after 
the date of the commencement of this Act, or of any dwelling- 
house which after that date may be pulled down to or below the 
ground floor and rebuilt, to occupy the same, or cause or permit 
the same to be occupied, unless and until he has obtained from the 
sanitary authority of the district a certificate that there is pro- 
vided, within a reasonable distance of the house, such an available 
supply of wholesome water as may appear to such authority, on 
the report of their inspector of nuisances or*of their medical officer 
of health to be sufficient for the consumption and use for domestic 
purposes of the inmates of the bouse. 

If the sanitary authority refuse to grant such certificate, the 
owner may apply to a court of summary jurisdiction for an order 
authorising the occupation of the house notwithstanding the refusal 
of the certificate, ana thereupon the court shall summon the author- 
ity, and if the court after hearing the case, is of opinion that the 
certificate ought to have been granted, the court may make an order 
authorising the occupation of the house. 

Any owner who occupies a house, or causes or permits it to be 
occupied in coutravention ot this section, shall be liable on convic- 
tion by a court of summary jurisdiction to a penalty not exceeding 
ten pounds.” (P. fl. (W.) A., 1878, section 6.) 

X231. — What is the section of the P. IT, (W.) Act of 1878 in regard 
to the periodical inspection of water-supply ^ 

Sec. 7, which runs as follows : — 

“ It shall be the duty of every rural sanitary authority from time 
to time to take such steps as may be necessary to ascertain the 
condition of the water-supply within their district, and the authority 
may pay all reasonable costs and expenses incurred by them for the 
purpose of taking such steps. The authority, or any of their 
officers, or any person duly authorised in writing for that purpose 
by the authority, if they or he have or has reasonable ground for 
believing that any occupied dwelling-house within the district is 
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without a proper supply of wholesome water, sufficient for the 
oousumptiou and use for domestio purposes of the inmates of such 
houfse, shall be admitted into the premises for which such supply is 
required or from which the water-supply may be derived for the 
purpose of ascertaining whether or not such house has such a supply 
within a reasonable distance ; and for the purposes of any sucn 
admission sections 102 and 103 of the Public Health Act, 1875, shall 
apply in the same manner as if such admission were necessary for 
the purpose of ej^amining as to the existence of any nuisance on the 
premises, and the person so authorised as aforesaid were an officer 
of the rural sanitary authority (section 7). 

1232 — What is the section of the P. IT. ( IF.) Act, 1878, regarding the 
rating for water-supply hy stand-pipes 

Sect. 9, which is as follows : — “ Where a rural sanitary author- 
ity have provided a stand-pipe or stand-pipes for the supply of 
water to any portion of their district, they may recover water rates 
or water rents from the owner or occupier of every dwelling-house 
within two hundred feet of any such stand-pipe, in the same man- 
ner in all respects as if the supply had been given on the premises. 

Provided that if any such dwelling-house has, within a reason- 
able distance, and from other sources, a supply of wholesome water 
sufficient for the consumption and use of the inmates of the house, 
no water rate or water rent shall be recoverable from the owner or 
■occupier of the house unless and until the water supplied by the 
authority by means of such stand-pipes is used by inmates of the 
house.” * 

1233 . — May the powers given to B. S» A, hy iheP. H. (IF.) Act of 

1078, he also invested in Urban Hanltary Authorities 
in ceitain cases ? 

They may ; for by sec. 11, “the Local Government Board may, if 
they think fit, 1)3^ orHer invest any Urban Sanitary Authorit 3 " with 
all or any of the powers and duties whi< h are by this Act given to 
a rural sanitary authority and such investment may be made either 
unconditionally or subject to any conditions to be specifit;d by the 
Board as to the time, portion of the district, or manner during at 
or in which the powers and duties are to be exercised. 

1234 . —TFAa^ is the meaning of the words ^'persons", "’stream"', 

solid matter", ""polluting", ""sanitary authority ", as 
given in the Rivers Pollution Prevention Act o/ 1876 ^ 

In this Act, if not inconsistent with the context, the above 
mentioned terms have the following meanings hereinafter respec- 
tively assigned to them, that is to say, 

""Persons" — Includes any body of ])ersons, whether corporate 
or incorporate : ^ 

“ Stream" — Includes the sea to such extent, and tidal waters 
to Buoh point, as may, after local inquiry and on sanitary grounds, 

19 
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be determined by the L. Gr. B., Hy order published in the London 
Gazette. Save as aforesaid it includes ri^erB, streams^ cauf^ls^. 
lakes, and 'water-oourses, other than water-courses at the passing of 
this Act, mainly used as sewers and emptying directly into the Sj^ar 
or tidal waters which have not been determined to be streams within.' 
the meaning of this Act by such order as aforesaid : ^ 

** 8t>lid matter*' — Shall not include particles of matter in sus»- 
pension in the water : 

“ Folluting *’ — Shall not include innocuous disieolorations : 

Sanitary Authority ** — Means in the metropolis as defined by 
the Metropolis Management Act, 1855, any local authority acting in 
the execution of the Nuisance Eemoval Act for England, 1855, and 
the Acts amending the same ; elsewhere in England, any U. or E. 
S. A,, acting in the execution of the P. H. A., 1875. 

1235 . — What is the prohibition as to putting solid matters into 
streams ? 

This is dealt with in the Kivers Pollution Act, 1876, and the* 
section regarding it runs as follows : — 

“ Every person who puts or canses to be put or to fall or 
knowingly permits to be put or to fall or to be carried into any 
stream, so as either single or in conbiuation with other similar (acts) 
of the same or any other person to interfere with its due flow, or to 
pollute its waters, the solid fluid of any manufactory, manufacturing 
process or quarry or any rubbish or cinders, or any other waste or 
any putrid solid matter, shall be deemed to have committed am 
offence against this Act. * 

In proving interference with the due flow of any stream or in 
proving the pollution of any stream, evidence to ay be given of 
repeated acts which together cause such interference or pollution, 
although each act taken by itself may not be sufficient for that pur- 
pose. (Section 2.) 

X23e.-'^Vhat is the jirohibltion as to drainage of sewers into stream 

“ Every person who causes to fall or flow or knowingly permits to 
fall or flow or to be carried into any stream any solid or liquid 
sewage matter, shall (subject as in this Act mentioned} be deemed* 
to have committed an offence against this Act. 

Where any sewage matter falls or flows or is carried into any 
stream a^ong a channel used, constructed, or in process of construc- 
tion at the date of the passing of this Act for the purpose of 
conveying such sewage matter, the person causing or knowingly 
permits the sewage matter so to fall or flow or to be carried sbalL 
not be deemed to have committed an offence against this Act, if he 
shows to the satisfaction of the court having cognizance of the 
case, that he is using the best practicable and available means to 
render harmless the sewage matter so falling or flowing or carried 
into the stream. 
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Where the Local Govermnent Board are satisfied after local 
inquiry that further time ought to be granted to any sanitary 
authority, which at the date of passing of this Act is dischargintf 
SC^Wage matter into any stream, or permitting it to be so discharged^ 
by any such channel as aforesaid for the purpose of enabling such 
authority to adopt the best practicable and available means for 
rendering harmless such sewage matter, the Local Government 
Board may by order declare that this se^ion shall not, so far aa 
regards the discharge of sewage matter by such channel, bo in 
operation until the expiration of a period to be limited in the 
or^er. 

Any order made under this section may be from time to time 
renewed by the Local Government Board, subject to such conditions* 
if any, as they may see fit. 

A person other than a sanitary authority shall not be guilty of 
an offence under this section in respect of the passing of sewage 
matter into a stream along a drain communicating with any sewer 
belonging to or under the control of any sanitary authority, provided 
be has the sanction of the sanitary authority for so doing.” (Rivera 
Pollution Prevention Act, 1876, section 3.) 

1237.— What are the laws as to •prohibition of drainage front 
•manufactories into streams ? 

“ Every person who causes to fall or flow or knowingly permits 
to fall or flow or to be carried into any stream, any poisonous, noxious,^ 
or polluting liquid preceding from any factory or manufacturing 
processes shall (subject as in this Act mentioned) be deemed to 
nave committed an offence against this Act. 

Where any such poisonous, noxious, or polluting liquid as afore- 
said falls or flows or is carried into any stream along a channel used, 
constructed, or in process of construction at the date of the passing 
of this Act, or any new channel constructed in substitution thereof, 
and having its outfall at the same spot for the purpose of conveying 
such liquid, the person causing or knowingly permitting the poisonous, 
noxious, or polluting liquid so to fall or flow or to be carried shall 
not be deemed to have committed an offence against this Act if he 
shows to the satisfaction of the court having cognizance of the case 
that he is using the best practicable and reasonable available means 
to render harmless the poisonous, noxious, or polluting liquid so 
falling or flowing or carried into the stream.” (R. P. P. Act, 1876, 
section 4.) 

X938 . — Whai is the prohibition as to the drainage from mines into 
stream ^ 

Every person who causes to fall or flow or knowingly permits 
to fall or flow or to be carried into any stream any solid matter 
from any mine in such quantities as to prejudicially interfere with 
its due flow, or any poisonous, noxious, or polluting solid or liquid 
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matter proceeding from any mine, other than water in the same 
condition as that in which it has been drained or raised from suoh 
mine, shall be deemed to have committed an offence against this 
Act, unless in the case of poisonous, noxious, or polluting matter he 
shows to the satisfaction of the court having cognisance of the case 
that he is using the best practicable and reasonable available means 
to render harmless the poisonous, noxious, or polluting matter so 
falling or flowing or carried into the stream/’ (Rivers Pollution 
Prevention Act, 1876, section 5.) 

1239 .— is the restriction in the proceeding under this part of 
the Act ? 

“Unless and until Parliament otherwise provides the following 
Enactments shall take effect, proceedings shall not be taken against 
any person under this part of this Act save by a sanitary authority, 
nor shall any such proceedings be taken without the consent of the 
Local Government Board : Provided always, that if the sanitary 
authority, on the application of any person interested alleging an 
offence to have been committed, shall refuse to take proceedings or 
apply for the consent by this section provided, the person so 
interested may apply to the Local Government Board, and if that 
Board on inqjuiry is of opinion that the sanitary authority should 
take proceedings, they may direct the sanitary authority accordingly 
who shall thereupon commence proceedings. 

The said Board in giving or withholding their consent shall 
have regard to the industrial interests involved in the case and to 
the circumstances and requirements of tlie locality. 

The said Board shall not give their consent to proceedings by 
the sanitary authority of any district which is the seat of any 
manufacturing industry, unless they are satisfied, after due inquiry, 
that means for rendering harmless the poisonous, noxious, or pollut- 
ing liquids proceeding from the processes of such manufactures are 
reasonably practicable and available under all the circumstances of 
the case, and that no material injury will be inflicted by such 
proceedings on the interests of such industry. 

Any person within such district as aforesaid, against whom pro- 
ceedings are proposed to be taken under this part of this Act, shall, 
notwithstanding any consent of the Local Government Board, be at 
liberty to object before the sanitary authority to such proceedings 
being taken, and such authority shall, if reauiredin writing by such 
person, afford him an opportunity of being heard against such pro- 
ceedings being taken, so far as the same relate to his works or manu- 
facturing processes. Tlie sanitary authority shall thereupon allow 
such person to be heard by hmself, agents, and witnesses, and after 
inquiry such authority shall determine, having regard to all the 
considerations to which the Local Government Board are by tbie 
section directed to have regard whether such proceedings as 
aforesaid shall or shall nob be taken ; and where any such sanitary 
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i^uthority has taken proceedings under thi s Act, it shall not be compe- 
tent to any other sanitary authorities to take proceedings imaer 
this Act till the party against whom such proceedings are intended 
shall have failed in reasonable time to carry out the order of any 
Competent court under this Act/* (R. P. P. Act, 1876, sec. 6.) 

1240. — Is the Sanitary Authority obliged to afford facilities for 

draining of factories into sewers ? 

They are : “ Every sanitary or local authority having sewers 
under their control shall have facilities for enabling manufacturers 
within their district to carry the liquids proceeding from their 
factories or manufacturing processes into such sewers. 

Provided that this section shall not extend to compel any 
sanitary or other local authority to admit into their sewers any 
liquid which would prejudicially affect such sewers on the dis- 
posal by sale, application to land, or otherwise, of the sewage 
matter cpnveyed along such sew-ers, or which would from its 
temperature or otherwise be injurious m a sanitary point of view ! 

Provided also, that no sanitary authority shall be required to 
give such facilities as aforesaid where the sewers of such authority 
are only sufficient for the requirements of their district, nor where 
such facilities would interfere wuth any order of any court of compe- 
tent jurisdiction respecting the sewage of such authority,” (R. P. P. 
Act, 1876, section 7.) 

1241. — Has ike Sanitary Authority power to enforce the Act ? 

Section 8 of the R. P. P, Act, 1876, states : — “ Every sanitary 
authority shall, subject to the restrictions in this Act contained, have 
power to enforce the provisions of this Act in relation to any stream 
being WMthin or passing through or by any part of their district and 
for that purpose to institute proceedings in respect of any offence 
against this Act which causes interference with the due flow 
within their distnct of any such stream, or the pollution within 
their district of an}' .such stream, against any other sanitary 
authority or person, whether such offence is committed within or 
without the district of the first named sanitary authority. 

Any expenses incurred by a sanitary authority in the execu- 
tion of this Act shall he payable as if they weie expenses properly 
incurred by that authority in 4ibe execution of the Public Health 
Act, 1875. 

Proceedings may also, subject to the restrictions in this Act 
contained, be instituted in respect of any offence against ibis Act by 
any person aggrieved by the commission of such offence.” 

1242. — How are the legal proceedings connected tvith the Rivers 

Pollution Prevention Act, 1876, to be ^conducted f 

Sec. 10 states : — “ The county court having jurisdiction in tho 
plftce where any offence against this Act ia committed may by sum- 
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mary order require any person to abstain from the commission of 
such offence, and where such offence consists in default to perform a 
duty under this Act may require him to perform such duty m manner 
in the said order specified ; the court may insert in any order such 
conditions as to time or mode of action as it may think just, and may 
suspend or rescind any order on such undertaking being given Or 
condition being performed as it may think just, and generally may 
give such directions for carrying into effect any order as to the court 
seems meet. Previous to granting such order the court may, if it 
think fit, remit to skilled parties to report on the ‘best practical and 
available means ’ and the nature and cost of the works and appara- 
tus required, who shall in all cases take into consideration the 
reasonableness of the expense involved in their report. 

Any person making default in complying with any requirement 
of an order of a county court made in pursuance of this section 
shall pay to the person complaining, or such other person as the 
court may direct, such sum, not exceeding fifty pounds a day for 
every day during which he is in default, as the court may order ; 
and such penalty shall be enforced in the same manner as any debt 
adjudged to be due by the court ; moreover, if any person so in 
default persists in disobeying any requirement of any such order 
for a period of not less than a month or such other period less than 
a month as may bo prescribed by such order, the court may in addi- 
tion to any ^nalty it may impose appoint any person or persona to 
carry into effect such order, and all expenses incurred by any such 
person or persons to such amount as may be allowed by the county 
court shall be deemed to be a debt due from the person in default to 
the person or persons executing such order, and may he recovered 
accordingly in the county court/' 

1243 .— either party appeal from the coumty court for the 
removal of the cate into the High Court of Justice ? 

It may. “ If either party in any proceedings before the county 
court under this Act feels aggrieved by the decision of the court in 
point of law or on the merits, or in respect of the admission or rejec- 
tion of any evidence, he may appeal from that decision to the High 
Court of Justice. \ 

The appeal shall be in the form of a special case to be agrbe<f 
upon by both parties or their attorneys, and if they cannot agr^, to 
be settled by the judge of the county court upon the application 
the parties or their attorneys. 

The court of appeal may draw any inferences from the facts 
stated in the case that a jury might draw from facts stated by 
witnesses. 

Subject to the provisions of this section, all the enactments, 
rules and orders relating to proceedings in actions in county 
conrts and to enforcing judgments in county courts and appeals 
from decisions of the connty court judges, and to the conaitious 
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of such appeals, and to the power of the superior courts on such 
-appeals, shall apply to all proceedings under this Act, and to an 
appeal from such action in the same manner as if such action and 
appeal related to a matter within the ordinary jurisdiction of the 
oourt. 

Any plaint entered in a county court under this Act may be 
removed in the High Court of Justice by leave of any judge of the 
said High Court, if it appears to such judge desirable in the inter- 
ests of .-justice that such cases should be tried in the first instance 
in the High Court of Justice and not in a county court, and on 
such terms as to security for and payment of costs and such other 
terms (if any) as the judge may think fit.” (R. P. P. Act, 1876, 
section. 11.) 

1244 . — Is the certificate of the Inspector of the Local Oovernment 

Board the best practicable means for advising on the 
subject ? 

Yes I “A certificate granted hy an inspector of proper qualifi- 
cation, appointed for the purposes of this Act by the Local Govern- 
•ment Board to the efEect that the means used for rendering harmless 
any sewage matter or poisonous, noxious, or polluting solid or 
liquid matter falling or flowing or carried into any stream, are the 
best or any practicable and available means under the circura- 
vfitances of the particular case, shall in all courts and in all pro- 
’^ceedings under this Act be conclusive evidence of the fact ; any 
certificate shall continue in force for a period to be named therein 
•not exceeding two years, and at the expiration of that period may 
be renewed for the like or any less period. 

All expenses incurred in or about obtaining a certificate 
under this section shall be paid by the applicant for the same. 

Any person aggrieved by the grant or the withholding of a 
certificate under this section may appeal to the Local Government 
Board against the decision of the inspector, and the Board may 
either confirm, reserve or modify his decision, and may make such 
order as to the party or parties by whom the costs of the appeal 
are to be borne as to the said Board may appear just.” (R. P. P. 
Act, 1875, section 12.1 

1245 . — WJtat restriction is there on proceedings for offences ? 

“ Proceedings shall not be taken under this Act against any 
person for any offence against the provisions of Parts II and III 
of this Act until the expiration of twelve months after the passing 
•of this Act, nor shall proceedings in any case be taken under this 
Act for any offence against this Act until the expiration of two 
months after written notice of the intention to tal^e such proceed- 
ings has been given to the offender, nor shall proceedings under this 
Act 1^ taken for any offence against this Act while other proceed- 
ings in relation to such offence are pending.*’ (R. P. P. Act, 1876, 
section 13.) 
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1246 . — How are orders as fo costs of inqynries issued ? 

“ The Looal Government Board may make orders as to the cost»^ 
incurred by them in relation to inquiries instituted by them under 
this Act, and as to the parties by whom such costs snail be borne 
and every such order and every order for payment of costs made 
by the said Board under section 12 of this Act may be made a rule 
of Her Majesty’s High Court of Justice.” (R. P. P. Act, 1876, sec- 
tion 14.) 

1247 . — inmfc poivers have the Inspectors of the Local Ooveimment 

Board under this Act ^ 

“ Insjpectors of the Local Government Board shall, for the pur- 
pose of any inquiry directed by the Board under this Act, have in 
relation to witnesses and their examination, the production ot papers 
and accounts and the inspection of places and matters required to 
be inspected, similar powers to those which the inspectors of the 
said Board have under the Public Health Act, 1875, for the purposes 
of that Act.” (R. P. P. Act, 1876, section 15.) 

1248 . — Do the power's of the Act prejudice those of other Acts in 

relation to water ^ 

They do not ; for sec. 16 states : — “ The powers given by this Act 
shall not be deemed to prejudice or alfect any other existing or vested 
rights or powers in any person or persons or Act of Parliament, law,, 
or custom, and such other rights or powers may be exercised- in the 
same manner as if this Act had not been passed ; and nothing in this 
Act shall legalise any Act or default which would but for this Act be 
deemed to be a nuisance or otherwise contrary to law. Provided, 
nevertheless, that in proceedings for enforcing against any person 
such rights or powers, the court before which such proceedings are 
pending shall take into consideration any certificate granted to such 
person under this Act.” (R. P. P. Act, 1876, section 16.) 

1249 . — What savinr/ of rvjhis of impounding and diverting water 

is made in the Act ? 

“ This Act shnll not apply to or affect the lawful exercise of any 
rights of impounding or diverting water.” (Sec. 17, R. P. P. A., 1876,) 

1250 . — Under vjhat modiiicat ion Art is the B. P. P. Act^ 1876, 

appilcable to Scotland? 

In the application of this Act to Scotland the following provi- 
sions shall have effect : — 

(1.) The expression ” Sanitary Authority ” shall mean and 
include the local iuthority in any parish burgh in Scotland acting 
under the P. Heimth (Scotland) Act, 1867. 

(2.) The extresiorx ” London Gazette ” shall mean Edinburgh 
Gazette. | 

(3.1 TheexpJfession “the Public Health Act, 1875,” shall mean the* 
Pnblic Health (Scotland) Act, 1867, and the Acts amending the same*. 
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(4.) This Act shall be read and construed as if for the expres- 
sion in ** the Local Government Board ” wherever it occurs therein, 
the expression “ the Secretary of State” were substituted, and the 
expression “ the Secretary of State ” shall mean one of Her Majesty’s 
Principal Secretaries of State. 

(5.) The expression “the County Court” shall mean the 
iheriffs of the county and shall include Sheriff’s substitute and 
the expression “ plaint entered in a County Court ” shall mean 
petition or complaint presented in a Sheriff’s court. 

(6.) The expression, “the High Court of Justice” shall mean 
the Court Session in either division of the Inner House therefor. 

(7.) All the jurisdiction, powers, and authorities necessary 
for the purposes of this Act are hereby conferred on Sheriffs and 
their substitute.s. 

(8.) The Court of Session may on the application of the Lord 
Advocate, on behalf of the Secretary ot‘ State, interpose their 
authority t(iany order made by the Secretary of State as to the costs 
incurred by him in relation to inquiries instituted by him under 
this Act and as to the parties by whom such costs shall be borne 
and may grant decree, conform thereto, upon which execution and 
diligence may proceed in common form, 

(9.) An Inspector appointed for the purposes ol this Act by tho 
Secj’etary of State shall, for the purpose of any enquiry directed by 
the Secretar}^ of State under this Act, be entitled by a summons 
signed by him, to require the attendance of all persons he may 
think fit to call before him in regard to the matters of the inquiry, 
and to administer oaths to, and examine upon oath, all such persons, 
and to require and enforce the production upon oath, of all documents, 
accounts, or papers in any ^\iEe relating to such inquiry, and shall 
also have, in relation to the inspection of places and matters required 
to be inspected, similar pov^ers to those which sanitary inspectors 
have under the Public Health (Scotland) Act, 1867.” (R. P. P. A., 
1876, Part Y., sec. 21 ) 

1251 . — Under ii'liai proi'isiona is it applicable to Ireland ? 

In the application of this Act to Ireland the following provi- 
sions shall have effect : — 

(1,) The “Sanitary Authority” shall mean any urban or 
rural sanitary authority acting in the execution of “the Public 
Health (Ireland) Act, 1874.” 

(2.) The expression “the Public Health Act, 1875, ” shall 
mean the Public Health (Ireland) Act, 1874. 

(3.) The expression “ the Local Government Board ” shall, 
mean the Local Government Board for Ireland. 

(4.) The expression “ the County Court ” shall mean the Civil 
Bill Court . 
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(5.) The expression “ Plaint entered in a County Court ** shall 
itnean Civil Bill process. 

(6.) The expression “ the High Court of Justice” shall mean 
any of the Superior Courts of Common Law in Dublin or any judge 
thereof to whom appeals may be brought from the decision of a 
Oivil Bill Court. 

(7.) The expression “the Judge of the County Court” shall 
mean the chairman ol quarter sessions and judge of the Civil Bill 
Court. 

(8.) The expression ‘Hhe London Gazette ” shall be the Dub- 
Jin Gazette. 

(9.) All the jurisdiction, powers, and authorities necessarjr 
for the purposes of this Act are hereby conferred upon the Civil 
Bill Courts and Superior Courts, and the judges of the same re- 
spectively. 

(10.) All penalties, when recovered by or on behalf, or at the 
instance of or in any proceeding instituted by any sanitary author- 
ity, or any officer of such authority, shall be paid to such sanitary 
authority, and by the same applied in aid of their expenses under 
the Sanitary Acts ; and, save as aforesaid, all such penalties shall 
be applied in manner directed by “the Pines Act (Ireland), 
1851, ^^and any Act amending the same. (E. P. P. A., 1776, Part VI, 
sec. 22.) 

1252,— What i$ the efl^tent of the operation of the Public Health 
(Water) Act, 1878 

The Public Health (Water) Act, 1878, applies to every Eural 
S. A., and also to such Urban S. A. as the L. G, B. may order 
‘^section 2). Every Eural S. A. shall see that every occupied 
dwelling-house within their district has, within reasonable 
distance, an available and sufficient supply of wholesome water. If 
the M. O. H. reports that an occupied house is without such supply, 
and the S. A. are of opinion that such a supply can be provided at a 
'reasonable cost (the interest of which, at 5 per cent., shall not ex- 
ceed twopence or threepence per week, as the L. G. B. may, on the 
application of the S. A., determine to be reasonable under the cir- 
-cnmstances), the S. A. may require the owner (subject to appeal to 
the L. G. B.) to provide such supply within a specified time, and, in 

of default, may themselves carry out the necessary works at 
his expense. It remains, however, the duty of the S. A. to provide 
'any part of their district with a supply of water, in cases where 
danger arises to the health of the inhabitants from the insufficiency 
-or unwholesomeness of the existing supply, and a general scheme 
of anpply is required, and can be got at reasonable cost (sec* 
3 ). 
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%%B^,^WhaA are the four agencies with which the Rivera Pollution 
Prevention Act, 1876, deala ? 

It deals separately with : — 

(1) Solid matters ; 

(2) Sewage; 

(3) Trade effluents ; and 

(4) Mining effluents entering rivers. 

1254 . — }Vhen way water-supply be enforced on lodging-houses? 

When the lodging-house is without a proper supply of water, 
and this can be furnished at a reasonable rate, the S. A. may en- 
force it (P. H. A., 1876, section 81). The keeper is required to lime- 
wash the walls and ceilings in the first week of April and October 
of every year (P. H. A., 1875, section 82). The S. A. may require 
the keeper of a house in which beggars or vagrants are received, to 
make returns of persons who have slept there the previous night 
‘^section 83), and the keeper must always give notice to the Medical 
Officer of Health and to the Relieving Officer of any case of infectious 
disease (P. H. A. 1876, section 84). 

1266 .— a Hat of the Acta which relate to tvater-aupply and to 
pollution of rivers, and state the special provisicms of each, 

1. The Public Health Act, 1876. 

2. The Public Health (Water) Act, 1878. 

3. Rivers Pollution Prevention Act, 1876. 

The first contains provisions (water-supply clauses) enabling 
an urban authority to provide a general supply of water for their 
district, to compel house-owners to avail themselves of such a sup- 
ply when provided, either in urban or rural districts. 

It vests the ownership of public cisterns, wells, reservoirs, etc., 
•in the authority of the district in which they are situate Special 
and stringent powers are given to local authorities to prevent pollu- 
tion of water by gas washings, and there is a clause empowering 
them to take proceedings in the higher courts to prevent pollution 
of streams. 

Power is given to close polluted wells. Proceedings may also 
be taken to prevent nuisances, under the nuisance clauses, when 
a pool or water-course is so polluted as to be a nuisance, or in a 
atate to be injurious to health. 

The Water Act gives authorities power to supply or enforce 
provision of supply of water to any portion of their district, to a 
'group of houses or a single house, and to prevent the occupation 
of new houses until provided with proper water-supply. 

Bight of entry is given for the purpose of ascertaining whether 
-R house has a proper supply or not (an important provision omitted 
m the Act of 1876), and enjoins the duty of periodical inspection of 
water-supply; 
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Urban authorities may be invested with powers under tho 
Water Act by the Local Government Board. 

The Rivers Pollution Prevention Act consists of four principal 
parts : — 

I. Prohibiting the putting of solid matter into streams so as 
to obstruct their flow or pollute the water. 

II. Prohibiting drainage into streams of sewage, 

TIT. Makes it unlawful to drain any objectidnable liquids into 
streams, from factories or mines, or any obstructive or polluted 
solid matter from mines. 

ly. Relates to administration of the Law. This, as well as pre- 
vious parts of the Act, abounds with exceptions, provisoes, and 
provisions for repeated appeals which go far to make the Act in- 
effectual. 

1256 . — Under v^hai cxrcunietancee can Urban and Bnral Sanitary 
Authorities supply gas and tvater to their districts ^ 

The 38 and 39 Yict., cap. 55, sect. 51, (P. H. A., 1875,) recites that 
— ‘Any urban authority may provide their district, or any part 
thereof, and any rural authority may provide their district, or any con- 
tributoryplacetherein,oraiiy part of any such contributory place, with 
a supply of water proper and sufficient for public and private purposes, 
and for those purposes, orany of them, may — (1) construct and main- 
tain water works, dig wells, and do any other necessary acts ; and 
(2) take on lease or hire any waterworks, and (with the sanction of 
the Local Government Board) purchase any water works, or any 
W'ater, or any right to take or convey water, either tvithin or without 
their district, and any rights, pow'ers, and privileges of any water 
company ; and (3) contract with any ; erson fora supply of water.’ 

Section 52 recites that if there is already a company supplying 
water to the district, the authority shall give the company written 
notice stating that they are desirous of supplying water, and the 
purpose for which and the extent to which the water is required, 
and then, provided the company are willing to supply the district 
with sufficient wholesome water, it shall not be lawful for the 
authority to construct other works. 

Sections 53 to 67 deal with the various provisions as to supply, 
rating, penalties, etc , but section 62, being important to rural 
sanitary authorities, we here quote it : — 

Section 62. — Where, on the report of the surveyor of a local 
authority, it appears to such authority that any house within their 
district is without a proper supply of water, and that such supply of 
water can be furnished thereto at a cost not exceeding the water-rate 
authorised by any local Act in force within the district, or where 
there is no local Act so in force at a cost not exceeding twopence per 
week, or at such other cost as the Local Government Board maj^ 
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on the applioHtion o£ the local authority, determine under all the 
circumstances of the case to be reasonable, the local authority shall 
give notice in writing to the owner, requiring him, within a time 
therein specified, to obtain such supply, and to do all such works as 
may be nec?essary for that purpose, etc., etc., etc. 

Note. — The ridiculously small sum of 2d, per week being totally 
inadequate for the purpose named, renders this section inoperative 
in many rural districts, rural authorities being very averse to move the 
central authority in these cases, as that would at once call attention 
to that which is at present one of the crying wants of rural popula- 
tions, 1 . 6 ., good water.* 

1267 .— is the object f and ivliataretlie main joints ^ in tlie 
Rivers Pollution Prevention Act (1876) ? 

The object of this Act is to improve and preserve the purity 
and flow of rivers and streams of Great Britain. It is applicable 
to all rivers, streams, canals, lakes, and water-courses, with the 
exception of water-courses at the passing of the Act mainly used as 
sewers, and emptying directly into the sea, or into tidal waters 
not declared to be streams within the Act. The four sources of pollu- 
tion are — (a) Solid refuse of manutactories, manufacturing processes 
or quarries, rubbish and cinders, and any other waste or putrid 
matter ; (h) Sewage matter, whether solid or liquid ; ( c) Poisonous, 
noxious, or polluting liquids proceeding from factories and manu- 
facturing process ; (d) Solid or liquid matter from mines which is 
poisonous, noxious, or polluting, or interferes with the flow of the 
water. Proceedings may be taken in England aganist the person 
causing the pollution in the county court of the district, or into a 
higher court with the permission of the judge of such court. L. A. 
must take proceedings against offenders, having first obtained the 
permission of the L. G. B. If the L. A neglect to act, any individual 
aggrieved may appeal to the L. G. B., who may or may not direct 
the L. A. to begin an action. Due regard will be paid to the indus- 
trial interest involved in the case, and to the circumstances and 
requirements of the locality. This Act applies to Scotland ami 
Irmand.f 

1258 . — What gave County Councils the same poivevs as Sanitary 
Authorities regarding the Rivers Pollution Prevention Act 
of 1876 

The fourteenth section of the Local Government Act, 1888, 
which confers upon County Councils the powers of S. A.’s under the 
Rivers Pollution Prevention Act; and enables the L. G B. to form 
n-joint committee representing all theadministrative counties through 
or by which a river, or any specified portion of a river, or any tribu- 
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tary thereof passes, and to confer upon the joint committee all or 
any of the powers of a S. A. under the Act. 

1269 .— TFha^ {$ there peculiar about the constant supply system of' 
the East London Water Works Company f 

The East London Water Works Company have a section in 
the Act by which the company was constituted, that every person 
supplied with water on the ^constant supply system should, ‘ when 
required by the company ,provide a proper cistern or other receptacle- 
for the water with which he is so supplied.’ This requirement of 
the company of a cistern from whicn water may be drawn for 
domestic purposes, irrespective of a cistern for water-closets, has 
been upheld by the Middlesex Sessions ; and this compai^ may 
refuse to supply water unless such cisterns are provided, This in 
great measure destroys the efl&cacy of the constant supply system.* 

1260 — What power with regard to weUs does ike P. H, AcU 1875, 
gioe t 

Clause 70 of the P- H. A., 1876, gives power to close wells, tanks, 
cisterns, or pumps, if the water be polluted. 

1261 . — ir/ia^ is the standard of purity of effluent laid down by tha 

Rivers F dilution Commusion ? 

They recommend that 100,000 parts of the effluent water should 
not contein more than ; — 

In solution 2 parts of organic carbon per 100,000 parts. 

0- 3 N 

In suspense 3’0 inorganic matter. 

1- 0 organic matter. 

1262 . — What does the Rivers Pollution Prevention AcU 1876, 

demand in this respect 

That the best practicable and available means are employed to- 
make the sewage material innoxious. 

1263 . — TVhat does the R, P, P. Act, 1876, forbid as regards fluids^ 

etc., entering rivers ? 

ia) Solid refuse of manufactories, manufacturing processes, or 
quarries, rubbish, and cinders, and any other waste or putrid matter ; 

(b) Sewage matter w’hether solid or liquid; (c) Poisonous, 
noxious or polluting liquids proceeding from factories, and manufac- 
turing processes ; [d) Solid or liquid matter from mines, which is 
pmsonous, noxious, or polluting or interfering with the flow of water* 

* 1264.— Pfotu may proceedings he taken under the JB. P. P. A., 1876 T 

Only with the assent of the L. Gr. B. who are to have regard to 
the industrial interests involved. 


• From Whiteli:ooe’8 Hygtene and Public Health, 
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1*868 * — case of country places and villages who are *de 
facto * the Sanitary Authority ? 

The poor Law guardians, that is, rnral sanitary authorities. 

1266. — What points are laid down in the Public Health Act, 1875,, 

with regard to the pollution of rivers ? 

A sanitary authority can under clauses 68, 69, protect any watei^ 
course within its jurisdiction from pollution with gas or other 
sewage, but not from pollution by trade refuse. On the other 
hand, a sanitary authority can be indicted by landowners or others 
for creating a nuisance. 

1267. — Having constructed or purchased waterworks, what obli- 

gations are imposed on L. S. A. ? 

Those of keying the supply of water pure and wholesome* 
(section 55 of P. Bf. A., 1875). 

1868.— ir/iat powers have Urban Authorities regarding the pre-^ 
sei’vation of the purity of river water ? 

Where any local Act other than an Act for the conservancy of 
any river is in force within the district of an urban authority 
conferring on any Commissioners, Trustees or other persons powers 
for purposes the same as or similar to those of this Act (but not for 
their own pecuniary benefit), all the powers, rights, duties, capacities^ 
liabilities and obligations of such Commissioners, Trustees or other 
persons in relation to such purposes shall be transferred and attached 
to the said urban authority. 

1269 . — What are the powers of Sanitary Authority regarding the 

piollution of streams by gas or sewage, and tvhat are the 
penalties connected with such offences ? 

Heavy penalties are imposed on any person or persons pollut- 
ing any stream, pond, etc., with gas washings (section 68), and a 
local authority may proceed against any one polluting any water- 
course with sewage (section 69). A justice’s order may be obtained 
for the closing of a well or cistern, the water of which is used, or 
likely to he used, for drinking or domestic purposes, when the water 
is so polluted as to be injurious to health. 

1270. — State the Acts which give statutory poiver to Local Autiso^ 

rities to supply and maintain a water-supply, and to 
protect the same from pollution ; and state briefly the 
general purport of ihier provisions ? 

The Public Health Act of 1875, with which is incorporated 
the Water-Works Clauses Acts, 1847 and 1863, the Public Health 
(Water) Act. 1878. 

Under the Act of 1875, any urban authority may provide all 
works necessary for providing the whole or any part of their district,, 
or may contract for a supply of water, and they i^re empowered to- 
charge water ri^tes. 
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Where ahouse-owner has been required by notice to lay on a 
supply from the mains for domestic purposes, the authority may do 
the work and recover expenses. 

A rural authority may be endowed by the Local Government 
Board, with power to provide a general, and where a general supply 
has been provided, may enforce supply to houses as above without 
obtaining special powers. 

The Water -Works Clauses Acts provide powers for making regu- 
lations to prevent waste of water, etc., etc. 


CHAPTEK XI. 
Purification of Water. 


Introduction — Natural Purification — Artificial Purification. 

1271. — Tinder ivhat headings mag the purification ofwnier he con- 

sidered f 

The purification of water may be considered under the head- 
ings of Natural and Artificial Purification, 

1272. — are the Artificial methods of puiifging voter f 

Water may be artificially purified by various means, of which 

the following are the more important, viz,. Oxidation, Distillation, . 
Precipitation, Boiling and Filtration, Two or more of these jirocesses 
are often brought into co-operation. 

1273 . — What circumstances mag necessitate the purification of 

water ? 

Excessive hardness, animal or vegetable organic matter in 
suspension or solution, and where there is siis]>icion of s])ocifio 
pollution. 

1274 . — JIoic mag tvater he purified without filtration ^ 

The purification of water without filtration is not carried on 
in Great Britain on a large scale except by Clark’s process. 

1275 .— 'iefly describe Claries process. 

This consists in adding a certain amount of lime water to a 
water which contains calcium carbonate rendered soluble by the 
presence of carbonic acid. Spring waters in the chalk districts 
are all more or less hard,” and many of them contain such a largo 
amount of calcium carbonate in solution as to be unfit for washing 
purposes. Such a water when it is to be rendered ” soft” by Clark’s 
process, is let into a tank or reservoir, where it is mixed with a 
proper proportion of lime water and allowed to settle, the whole of 
the calcium being precipitated as calcium carbonate. 
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l279.-^OUu>»ify the methods by whi^h impure waters may 
he punfied ? 


I. 


II. 


Natural. ... 


Artificial.. 


r Oxidation, 
j Subsidence. 

I Dilution. 

(^Action of animal and vegetable life. 
^Distillation. 

Exposure to divided currents of air. 
. Precipitation. 

I Boiling. 

Filtration. 

^Addition of chemical agents. 


1277 .— IF/ia/ is meant hy Oxidation of organic coast it nents of water ^ 
Although it is not practicable, in the case of a running stream, 
to trace the progress of the destruction of the organic material by 
oxidation, yet there is no doubt that an a]>preciable amount is so 
destroyed. Moreover, a considerable amount of the organic matter 
is consumed by fishes and by the microscopic animals which in- 
habit the water, or is converted into simjder compounds through 
the agency of ])lants of the higher or lower orders. 

The effect of the oxygen of the air as a means of purifi- 
cation in the case of running streams is well known. It 
has been pi’oposed to aerate artificially the water of storage 
reservoirs and other water used for donu'stic sup])ly. and it is no 
doubt of advantage in the case of small uncovc]*ed r(‘servoirs to 
arrange the outletand inlet so as to promote a continual circulation 
of the water and to avoid stagnation ; beyond this it is doubtful if 
very much is to be gained by artificial exposure of water to the air. 

A water which contains no dissolved gases i.s fiat and insipid, 
so much so that where distilled water is prepared for drinking, as, 
for instance, on shipboard, it is necessary to aerate the water. There 
is, moreover, no doubt that the oxygen gas which any water dis- 
solves from the air when it is in contact w ith it, plays an impor- 
tant part in the destruction of organic matters derived from various 
sources. 

Oxidation is a process carried on by nature for the purification 
of polluted water. It operates upon the class of impurities which, 
with one exception, have most to be feared, namely, organic matters 
liable to decomposition or already partially decomposed. The 
oxygen which is always dissolved in water exposed to the air, and 
the free atmospheric oxygen with which the organic matter is 
brought into contact by the motion of the water, combines with 
that organic matter, thereby converting it into harmless nitrates, 
nitrites, and carbonic acid. The more violent the agitation and 
snore ocmiplcte the aeration of the water, the more thorou^ly will 

organie matter be broken up and changed into these innocuous 
inorganic forms. In this way advantage may be derived from the 
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introduction of cascades, weirs, and the like along the course of a 
conduit, or wherever else it may be convenient. The purifying 
agent is always at hand and in superabundance, it is only necessary 
to utilise it by bringing it into contact with the substances in)on 
which it has to act. This essential contact may be encouraged by 
other means than the exposure and agitation just mentioned, but 
as they are associated with other methods of treatment, further 
r^eference to them will be deferred. 

are the natural processes engaged in the depuration 
of polluted water ? 

There are many natural processes at work in bringing Jibout some 
degree of purification of water. For instance, the water of surface 
wells is merely tlie subsoil water that has filtered naturally through 
the superficial stratum of the soil. Surface well water may not be 
pure, but as a rule it is more so than the subsoil water itself. 
The natural processes effecting the purification of large volumes of 
water, such as those of rivers, tanks, and wells, are of overwhelm- 
ing importance, for, by means oi dilution, oxidation, huhsidence, and 
by the action of animal and vegetahle life. Nature endeavours to 
minimise the harmful effects we have associated with imjjure water. 

1279. --iroir may ice artificially effect the oxidation of water ? 

Oxidation is effected b}' exposing water in finely-divided cur- 
rents to the action of air, to oxidise organic matter. “Tlie w'ater 
is simply poured through a sieve, or a tin or w ooden plate pierced 
■with many small holes, so us to fall in finely-divided streams ; or, a 
hand pump is inserted iu a cask of water, and the water is pumped 
up and made to fall through perforated sheets of iron." Oxidation 
is aided by agitation of w^ater exposed to air. 'Phis is one of the 
chief means by which the contaminated water of rivers is rendered 
less harmful, for iu their onward course dashingover rocks, anicuts, 
etc., they absorb more oxygen than still w ater. Advantage of this 
physical property has been taken in several places in Kussia, where 
the water is allowed to flow down a series of steps, ])assing through 
wire gauze as it does so. Oxidation rapidly I'emoves sulphuretted 
hydrogen, offensive organic vapours, and a certain amount of the 
dissolved organic matter. 

1280. — What effect has Sahsidenre in the purification of polluted 

water f 

By the physical process of subsidence, the suspended solid’ 
matters finding their way into tanks, etc., gradually sink to the 
bottom. This is one of the most active of the natural purifiers of large 
bodies of water. The influence of this factor is fully demonstrated 
by removing a little of the silt and filth from the bottom of a tank, 
or a large well, that has not been cleared for some years. The water 
of tanks and rivers, during rainy periods, contains a large amount 
of fine clay ; this gradually subsides, and in finding its way to the 
bottom, carries with it much of the suspended organic matter. 
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1281 . — Do all suspended matters subside with equal rajpidity ? 

They do not ; chalk and sand subside sooner than clay : vegetable 
matter sooner than sewage and animal matter. The last-named being 
in a state of very fine division and specifically lighter, falls stiU 
more slowly, but both are easily removed by filtration. 

1288 . — To what extent does Dilution puHfy waters ? 

Dilution is efficacious only when large volumes of water are to 
be dealt with, and the contained impurities small in amount. The 
more concentrated the poisonous or harmful constituents of water, 
the more injuriously will they affect the consumers. This may 
appear to be a truism, but it is one that is too often lost sight of, 
especially in connection with tank and well supplies when these 
sources are decreasing in volume. 

1283 . — What ‘part do fishes and plants take in the purification of 
impure water ? 

Fishes and plants ordinarily take no small share in purifying 
water, and for this purpose their presence in tanks and reservoirs 
may be looked upon as a necessity. In all largo tanks a moderate 
amount of living plants is beneficial. Plants act chemically by aiding 
the oxidation of any organic matters present. 

Tank water improves during the rains by dilution with rain 
water, and “the animal and vegetable life in it preserves the proper 
balance, removes decaying matters, and prevents putrefaction to 
any great extent; at least this is the case in good tanks.’^ (Dr. David 
Waldie.) 

Of the water-plants suited for the preservation of tank water, 
the following are the best known : — Nymphcea rubra, which has 
long India-rubber-like stems, varying with the depth of water, and 
deep-red or blood-coloured runners ; Vallisneria octondra, the water- 
plant used by the Jessore sugar-refiners to cleanse their raw 
sugars.* 

In addition to the higher order of plants, there are a large num- 
ber of cryptogamydous or non-flowering plants, such as algae, con- 
f erase, etc., which flourish in water, and generally in tanks or ponds, 
where they float about in masses, sometimes covering the whole 
surface with a thin green scum. They are harmless, in most cases 
in fact, beneficial. It is only during its decay that such vegetable 
matter is injurious to the quality of water. When clearing tanks 
or reservoirs of weeds, plants, etc., the vegetation should be en- 
tirely removed from the vicinity of the tank and not allowed to 
decay on the banks. 

Fishes prevent the overgrowth of vegetable matter, and feed 
upon the insects and crustaceans, and the dead organic matter pre- 
sent in the water. According to Eankine, destruction of fish con- 

* This paragraph applies to the waters of Indian tanks. 
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tamed in large volumes of water has led to increase in the numlier 
of small crustaceans on which the fish had lived, rendering the 
water impure and nauseous. In such cases the remedy is to re- 
stock the tank or reservoir with fish. Of fish, the best suited for 
stocking tanks are of the carp family (cyprinidm). 

The algce, as a rule, including diatoms and desmids, are of little 
account unless they increase to a great extent and decay in the 
water. The fungi-plants destitute of green or other colouring 
ncuditer, and growing upon or in the presence of decaying organic 
substances ; the infusoria^ or at least some of the forms of life in- 
vaded under this head ; the bacteria, vibrios, etc., must be looked upon 
with suspicion, as they are found in waters known to be impure. 
It may be remarked that the processes of vegetation in rivers and 
lakes remove nitrates from the water. 

1 2 84 . — Tabula te waters according to the efficiency of the filtration 
in 'passing through various geological strata. 

1, Chalk G. Green sand 

2. Oolite 4. Hastings sand. 

5. New red and conglomerate sandstone. 

12SS.--What means are advocated to get rid of organic matters ? 

1. Exposure to air ; 

2. Boiling and agitation ; 

3. Addition of common alum ; 

4. Condy’s red fluid, and astringents such as ferric chloride 
and the fruit of the Strychnos potatorum. 

1286. — Enumerate some other methods of purification of waZer? 

Among other purifying agents nay be mentioned distillation, 

the exposure of water in minutely- divided currents to the air, the 
immersion of pieces of charcoal or of iron wire, and the effects of 
plants and fish. In store reservoirs, the presence of a moderate 
quantity of living plants exerts a decidedly purifying influence, 
while the destruction of fish has been followed by an excessive 
multiplication of the small crustacean animals on which the fish 
had lived, thereby rendering the water nauseous and impure. 
The remedy was found in re-stocking the reservoir with fish. 
(Bankine.) 

1287. — How may water he purijied without filtroUion f 

1. Bj exposing it to finely-divided currents of air to oxidise 
the organic matter. 

2. By distillation. 

3. By boiling. 

4. Addition of alum to the water. 

6. „ ^ hot iron* 


•Thb pees a chalybeate taete tothe 
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6. Addition of Oondy’s fluid. 

7. ,9 „ vegetable infusions, especially tea. 

8. Use of Strvchnos potatorum. 

9. Charring the inside of casks. 

X288. — Name another means by which natural purification of waimr 
is effected ? 

A great cause of purification of many waters, which otherwise 
would be unfit for human consumption, is Aeration. This is effected 
by streams and rivers passing over rocks, waterfalls, weirs and other 
obstructions, by which the water becomes mechanically mixed with 
air, the oxygen of which has such a valuable purifying effect, by 
destroying the foul matter in solution. By this means, rivers that 
receive the sewage of towns, become more or less tit for human 
consumption after having passed for some distance down their 
course. 

Aeration has been advocated in order to produce oxidation and 
prevent putrefaction. The ‘aquarium’ or ‘jet’ system is the best 
of the various methods suggested. By this means air is introduced 
in a fine state of division instead of being in large bubbles, as in the 
‘ blowing ’ system. 

1880. — ITow has the natural oxidation in water hce^i imitated f 

For the effect of the oxygen of the air as a means of purification 
in the case of running streams, vide Chapter II. It has been 
proposed to aerate artificially the water of storage reservoirs 
and other water used for domestic supply, and it is no doubt of 
advantage in the case of small uncovered reservoirs to arrange the 
outlet and inlet so as to promote a continual circulation of the 
water and to avoid stagnation ; beyond this it is doubtful if very 
much is to be gained by artificial e^rposure of water to the air. 

A water which contains no dissolved gase^ is flat and ipsipid, 
so much so that where distilled 'water is prepared for drinking, as, 
for instance, on shipboard, it is necessary to aerate the water. There 
is, moreover, no doubt that the oxygen gas w hich any water dissolves 
from the air when it is in contact with it, plays an important part ip 
the destruction of organic matters derived from various sources. 

1290.— BTotc may water he exposed to air in divided currents^ and 
what is the effect of this process in the purifi cat ion of water ? 

The water is simply poured through a sieve, or a tin or wooden 
plate, pierced with many small holes, so as to cause it to fall in finely- 
divided streams, or a hand-pump is inserted in a cask of water, and 
the water is pumped up and made to fall through perforated sheets 
of tin. It soon removes hydrogen sulpbido, offensive organic 
vapours, and, it is said, dissolved organic matter. This plan has 
been used in Russia on a large scale, the water being allowed to fall 
dowm a series of steps passing through wire gauze as it does sa In 
Paris, also, it has been employed on the small scale. 
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1291 . — JVhat are tlw only methods of rendering a dangeroushy 

luted water harmless T 

Distillation and boiling. The Rirers Pollution Commissioners 
have expressed their opinion that all the methods of purification 
by filtration, whether carried out by water companies on the large 
scale or by the consumer on his own premises, are inadequate to 
prevent the propa^tion of epidemic disease by water. Theoretically 
they may be considered some safeguard, but there is not a tittle of 
trustworthy evidence to support such a view.’' 

1292 . — Dpsorihe the ordinary fonn of distilling apparatus ? 

It consists of a retort, the neck of which communicates with a 
spiral tube called the “ worm,” placed in the vessel which contains 
oold water. The water in the retort is raised to ebullition tem- 
perature, the steam given off is condensed in the worm, and the dis- 
tilled water is collected in a receiver. 

1293 . — Hoio is the condensed vapour {steam) collected ? 

As the condensation of the steam proceeds, the water of the 
cooler becomes heated, and must be renewed ; for this purpose a 
tube descending to the bottom of the cooler is supplied with a 
continuous stream of cold water from above, while the superflu- 
ous water flows out by the tube at the upper part of the cooler. 
In this way the warm water, which rises to the top, is continually 
removed. The boiler is filled about three-quarters full, and the 
water in it can from time to time be renewed by the opening 
above ; but it is advisable not to carry the process of distillation 
toe far, and to throw away the liquid remaining in the boiler when 
its volume has been reduced to a fourth or a fifth of what it was 
originally. In exceeding this limit we run the risk of impairing 
the purity of the water by the carrying over of some of the solid 
matter contained in the liquid in the boiler. 

1294 — State briefly hov) distilled water is prepared. 

By vaporising the water or converting it into steam by means 
of heat, and then condensing it again by the aid of cold. [Distilled 
water is “ vaporisation, plus condensation.”] 

1295 . — Under what circumstances is distilled water used ? 

Distillation of water is practised on boardship from sea water, 
and in certain places where there is great scarcity of rainfall. By dis- 
tillation water is rendered almost absolutely pure. [In India and 
Great Britain this process has served no part in connection with 
the hygiene of water-supply, but we are of opinion that when 
the source of a water is impure and the impurities of an organic 
nature, distillation might with advantage be carried out on a small 
scale by means of a block tin apparatus. We have used such a 
vessel for some time in our analytical laboratory, and have every 
reason to be satisfied yrith the results. It might be used for 



PURIFICATION OF WATER. 


311 


'CHAP. XI.] 

-drinking water only in private houses. Almost any form of appa- 
ratus will suffice, if fuel can be procured, to obtain enough water to 
support life ; and if even the simplest appliances are not attainable, 
the mere suspension of clean woollen clothing over boiling water 
will enable a large quantity to be collected At sea, salt water is 
sometimes mixed ^vith the distilled water from the 'priming of the 
boilers, and occasionally, from decomposition of magnesium chloride 
(probably), u little free hydrochloric acid passes off. This can, if 
necessary, be neutralised by sodium carbonate.* On the coast of Chili 
and Peru (wliere it never rains) the sea water is regularly distilled 
for domestic use.] 

1296 . — Hoio is the distillation of sea water carried out ^ 

The water is evaporated in a special apparatus and the vapor 
collected, rejecting the first part which comes over, as this is always 
impure. Distilled water is very *‘flat” in taste, owing to its con- 
taining no dissolved gases. It can be aerated by letting it drop a 
considerable distance from one cask into another, through small 
openings in the upper one, and by filtration through charcoal after- 
wards. [Non-aerated water is not so easily absorbed into the system 
as ordinary water, and occasionally causes illness.] 

1297 . — places where distillation is used as a means of 

purification. 

On boardsliip, by the evaporation and condensation of the sea 
water — the salts do not ascend with the water. 

On the coast of PiTU and Chili (where it never rains), water is 
Tegularly distilled for domestic purposes. 

1298 . — What }s the best plan of rendering a water known to be 
pidluied fit for use ^ 

By distillation ; this is undoubtedly the best plan, for if pro- 
perly carried out all danger is got rid of. It has been suggested 
that foul gases may be brought over from dirty Avater, and that 
even bacteria or their spores maybe transmitted; this is doubtful. 
An outbreak of diarrhcca among H. M. ships in the harbour 
of Yaletta (Malta) was attributed to impurities in the water 
distilled from the not over-clean water of the Grand Harbour. 
The distilled water w^as also complained of as “ gomg bad ” very 
quickly in the Soudan campaign; but there the dirty water of the 
harbour of Suakim was used, and in such a case there is great 
danger of the original ivaler getting in if the apparatus leaks or is 
in any way out of order. All distilled Avater should be tested with 
a few drops of dilute nitric acid and silver nitrate ; if no haze 
appears, then the watar may be considered safe : all other waters 
will give evidence of the presence of chlorine, by the formation of 
a precipitate, turbidity, or haze according to the amount ; and so 
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will distilled water (so-called), if it has been contaminated during 
the process of distil iation, or bj being received in vessels not per* 
fetJtlj clean. 

1899 .— caution is necessary ? 

Care should be taken that no lead, zinc, or copper finds its way into 
the distilled water. Many cases of lead poisoning liave occurred 
on board ships, partly from the use of minium (lead sulphide) in the 
apparatus, and partly from the use of zinc pipes containing lead in 
thfeir composition. If possible, block tin should always be used. 

1300. — TF/m^ are the disadvantages connected with the composition 

of distilled ivaier^ and hotv may tJtey be remedied ? 

As distilled water is nearly free from air, and is therefore 
unpalatable to some persons, and is supposed to be indigestible, it 
may be aerated by allowing it to run through a cask, the bottom of 
which is pierced with fine holes, so as to expose the water to the air. 
Plans for aerating the water distilled from sea water have been 
proposed by Normandy and others, and are used in many steamers. 
Organic matter, at first offensive to taste and smell in distilled 
water, (!an be got rid of by passing it through a good filter, or by 
keeping three or four days, or by the addition of a little per- 
manganate solution. 

1301. — Hoc: does disilllaiion affect the palaiability of water ? 

It renders it insipid from absence of gases and salts. This 
non-aeration maybe remedied * on board ships it is now aerated on 
its passage from the boiler to the tanks, by allowing it to pass 
through perforated tubes. 

1302. — THm/ are the effects of distillation ^ 

Distilled water has an unpleasant taste, and is said to he indi- 
gestible from its want of aeration. This can bo remedied by 
exposure to tbc* air in finely" -divided currents, as, for instance, by 
letting it fall through a sieve. Distillation is the most universally 
applicable mode of purification. Dvcn sea water can he utilised in 
this way. 

1303. — Does distillation completely purify ivaier ^ 

It removes all the solid impurities, but all the volatile gases, 
CO., NH3. etc., remain. 

1804.— m-i" may a water of known impurity of a dangerous 
nature be made harmless ^ 

Distillation and boiling are the only methods of rendering a 
dangerously polluted water harmless. 

1305 . — Discuss the jmrifying influence of boiling on water ? 

Of all processes of purification, that of boiling is by far the 
most certain. With regard to its effects as a safeguard against 
diseases produced by microbes containt^d in water, we may state 
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** in order to render our safety from micro-organism fi practi- 
cally absolute, it is only necessary to have our drinking watei^ 
boiled. Many persons have a prejudice against boiled water in 
consequence of its flat and insipid taste, but these undoubted 
defects may be easily remedied by passing the boiled water when 
cool tb rough any ordinary household filter, which will impart to the 
water its original freshness and palatability. In fact, nearly ajl the 
terror which micro-organisms are justly capable of inspiring, melts 
away when we remember that we can effectnally combat them by 
heat. Thus milk and water, each of which may be infected with 
hurtful microbes, cajmble of doing so much mischief to mankind, 
can be rendered practically safe by merely submitting them to 
the process of boiling. Indeed, it cannot be widely known, that 
perhaps the two most effective private measures which can be taken 
m avoiding zymotic disease, consist in boiling all our milk and all 
our drinking water. By insisting upon these simple operations 
being systematically carried out, every family can render itself in- 
dependent of the purity of our public milk and water-supplies, the 
safety and wholesomeness of which are altogether beyond the 
power of private individuals to control.’** [It may lie interesting to 
know that the insipid taste given to water by boiling is remedied 
by the addition of a little lime juice or sugar, or both. 

Water containing much organic matter should never be used 
for drinking purposes without previous boiling ; especially is this 
the case when there is an epidemic of cholera or enteric fever in the 
town or district. By boiling the water, we reduce to a minimum 
the possibility of the disease attacking ourselves. It not only 
destroys the organic impurities, but also causes a precipitation of 
much of the dissolved mineral matter.] 

1306 . — What are the advantages of boiling as a means if puvifea* 

fion of v'aier f 

Tliis plan is best next to distillation: it gets rid of cslciura 
carbonate, iron in jiart, and hydrogen sulphide, and lessens, it is 
said, organic matter. Tyndall’s experiments have shoYvn that there 
are stages in the life of during which they can resist almost 

any moist heat. But as they soften before propagation a solution 
can be successfully sterilised by repeated boilings, so as to attack 
the several crops of haeieria in their vulnerable condition. Most 
fungus spores are killed by boiling. On the whole we may take it 
that water, even only once boiled, is in all likelihood safe, and, if 
repeatedly boiled at intervals, absolutely so. 

1307 . — Is boiling of much use in the 'purificatimi of •polluted xoater? 

This is one of the safest methods of purifying water, particu- 
larly of destroying disease germs, although very great heat fails to 
destroy some. Prof. Tyndall’s experiments showed that this is 
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obviated by carrying out the boiling process at different intervals of 
time, and so effect a sterilisation of the water. This process catches 
the organisms at the different stages of their development. 

1308. — 8tate hriejly the effects of boiling pn water. 

Boiling will remove temporary hardness and destroy all microbes, 
and therefore all specific contagia. Some of the organic matter is 
carried down with the calcic carbonate. Boiled water tastes flat, 
and meeds aeration like distilled water. Lime is thrown down more 
•completely if sodic carbonate is added. 

1309. — r/ a is ahsoluiehj impossible to avoid the use of suspicious*^ 

ivater, v^hat prerauHons shotdd he adopted ? 

To carefully collect, store, boil and filter it. Filtration will 
Temove all the gross impurities at least. 

1310. — Can these defects he remedied, andhoic? 

They can, by causing it to flow through a cistern at some leiigth, 
the bottom of the cistern being pierced with small holes to expose 
iihe water to the air. 


1311 . — What special salt is removed by boiling ^ 

Calcium carbonate if present is removed by boiling, in which 
case it is deposited as an incrustation on the inner surface of the 
kettle or boiler. [As regards the CO, in water, there is an objection 
to this method, as the heat decomposes the calcium nnd magnesium 
bicarbonates, and therefore the amount of CO, evolved is greater 
than existed in the water as free carbonic acid. On the other hand, 
it is impossible by heat alone to obtain all the oxygen and nitrogen. 
Boiling will remove temporary hardness and destroy all microbes, 
and therefore all specific contagia. Some of the organic matter is 
carried down with the calcic carbonate. Lime is throw n down more 
completely if sodic carbonate is added. Su 8 ])icions water should 
-always be boiled before being used.] 

1312 , — IVhat is the e ffect of the boiling on the hirdness of water, 
and how does it produce this effect t 

The CO, gas is driven off and the calcium and magnosinm salts 
which it held in solution are precipitated. The hardness lost, there* 
fore,repre 8 ent 8 the amount of salts deposited plus the CO, itself which 
has been evolved. 

1313 . — For vjhat purposes are such chemical substances as lime and 
almn used 

For the purpose of i)nrifyiug the water. [The effect that such 
■produce is a mechanical one, the various matters in suspension, 
both organic and inorganic being thrown down with the precipitate 
which 18 formed on the addition of the material. The organic 
matter in solution remains unaffected by the process.] 
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1814 .-— what are chemical processes in connection with water 
chiefly used ? 

Chemical processes are for the most part intended to remove 
excess of lime. Hard water may be softened, and at the same time 
deprived of all suspended matter, o^anic or mineral, by adding 
about 5 grains of alum per gallon. Calcium sulphate and a bulky 
precipitate of aluminic hydrate are formed, and carry down suspend- 
ed matters. If no calcium carbonate is present, calcium chloride 
and sodic carbonate must be added previously. Perchloride of iron 
(2J grains per gallon) acts similarly. 

131B.— What are the most common chemical ayevts used in 
effecting the precipitation of impurities frotn wah r ? 

Various chemical agents are used in effecting the precipitation 
of impurities. The following are among the most important : — 
Alum ; lime ; preparation of iron ; permanganate of potash, etc. 

1316 . — How does alum act ? 

The aluminiouB salts are, very serviceable in removing sus- 
pended organic matter, if carbonate of lime is contained in the 
water. The addition of alum causes the formation of calcium sul- 
phate and aluminium hydrate, both of which fall to the bottom, 
carrying with them other impurities. The amount of alum re- 
quired is about 5 grains to the gallon. It is doubtful, however, as 
to whether alum has much effect on dissolved organic matter. If 
the water is not hard, a little carbonate of .soda should be added in 
order that a precipitable sub8tau(‘c may be formed. The action of 
alum on a turbid or muddy water is very sti ikiiip — *0001 per cent, 
of it renders such water clear. Carbonate of soda, if added to water, 
throws down calcium carbonate, especially if the water is boiled. 
This agent has been used in India for precipitating the impurities 
of water for many centuries. [The carbonate of lime becomes the 
sulphate, and this, with the aluminium hydrate produced, entangles 
the organic matter and carries it to the bottom Aluminous salts 
are founc^ to be very efficacious in removing suspended matters, 
whether organic or mineral. It combines with any suspended 
organic matter and precipitates it ; this action is more vigorous if 
lime is present in the water. It is much used in China, where the 
turbid waters of the large rivers are extensively drunk after the 
addition of a little alum. When added to water containing chalk 
in solution, it forms a bulky precipitate of aluminium hydrate, 
which falls to the bottom, carrying with it suspended and floating 
matters. 

1317 . — Does alum affect the organic matter in solution? 

It has little or no effect on organic matter in solution in the 

water. 
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^ect has ihe imme/nion of iron wire cmd ma^nMtio 
oaiide of iron on water ? 

This plan is said to decompose organic matter. Charcoal and 
Cernc oxide are sometimes mixed. 

1319. — What effect has the immersion of red-hoi iron or steel (stcd^ 

as the heated blade of a knife) on water ? 

Red-hot iron, decomposes water into H and O, the 0 in the 
“ nascent” state, oxidising any organic matter that may be present. 

1320. — What is ihe effect of adding perchloride of iron to water ? 

It has been found that the water of the Maas in Holland, which 
is turbid from clay and finely -suspended organic matters, and gives 
rise in consequence to diarrhcea, is completely purified bj^ the 
addition of perchloride of iron in the proportion of about 2\ grains of 
the solid perchloride to 1 gallon of water. It is a powerful oxidising 
agent.* 

1321. — miat special chemical salt may he used as an oxidising 

agent upon ihe organic nmtter contained in water ? 

Ill connection with oxidation we may mention the use of 
Condxfs fluids which is a solution of permanganate of sodium or 
potassium. It is a powerful oxidising chemical salt, and is, at 
times, exceedingly useful in ridding water of the dangers associated 
with contained organic matter. Pure Oondy’s fluid readily re- 
moves the smell of sulphuretted hydrogen, and the peculiar offen- 
sive odour of impure water that has been kept in casks and iron 
tanks.” Its action on organic matter varies with the nature of this 
impurity. In some cases much of the animal and vegetable organic 
matter is rendered innocuous, in others the action is somewhat 
uncertain. The use of permanganate of potash frequently gives 
rise to a yellowish tint in tlic water, due to finely-divided peroxide 
of manganese in suspension This does not interfere with the 
wholesomeiiesK of the water. A little alum will carry down the 
suspendefl mafctei'. Filtration effects the same object. There ap- 
pears to be no doubt but that if the im})urity of water depends 
upon organic matter the use of the permanganate solution consider- 
ably reduces the dangers associated with its consumption. When 
a little Condy’.s fluid is added to pure water, it gives the water a 
beautiful purple colour, which colour is permanent. If organic 
matter is present in the water, however, the purple tint is soon 
lost, and >vill not remain permanent, until all the oxidisable organic 
matter has been thoroughly oxidised. 

There are many cases in which it is very useful ; and as the 
permanganate certainly removes smells and oxidises in the cold to* 
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some extent, it is a very good introduotion to the alam proe«S8, 
and does work which alum alone will not do. But it cannot be 
eonsidered a complete purifier of water from all organic matters. 
Its oxidising power is, however, often useful in cleaning charcoal 
filters, as will be presently noted. If it forms a precipitate of 
manganic oxide, it also carries down suspended matters; but the 
formation of this precipitate is very uncertain. The action on the 
dissolved organic matters will, of course, vary with the nature of 
the substance ; some of the organic matters, both animal and vege- 
table, will be oxidised ; but in the cold it will not act upon the 
whole of these substances, and some organic matters are not 
touched.* 

1322. — What are the advantages of Condtfs fluid ? 

It is pleasant, odourless, non-poisonous and convenient to use. 

1323. — What are the chief objections to the 'nsc of pennangimate of 

potash as a purifying 'material ^ 

One objection to the use of the permanganate is tliat it often 
communicates a yellow tint to the -water, arising from suspended 
finely-divided peroxide of manganese. This is ])robably of no 
moment as far as health is concerned, but it is unpleasant. Some- 
times the addition of a little alum will carry down this suspended 
matter ; boiling may be used, hut often has no effect. Sometimes 
nothing removes it but filtration.* 

1324. — What are indications for the use of pemianganaie of 

potassium ^ 

In the case of any foul-smelling or suspected water, add good 
Condy’s fluid, teaspoonful by teaspoonful to three or four gallons of 
the water, stirring constantly. When the least permanent pink 
tint is perceptible, stop for five minutes ; if the tint is gone, add 80 
drops, and then, if necessary, 30 more. Now allow to stand for six 
hours; and then add for each gallon six grains of a solution of 
crystallised alum, and if the water is very soft, a little calcium 
chloride and sodium carbonate, and allow to stand for 12 or 
18 hours.* 

182S. — What is the effect of Condi/s red fluid ? 

It removes bad smells and probably some organic matters us 
well, by oxidation, as it readily gives up its oxygen : it may al^ 
form a precipitate of manganic oxide, and thus carry down organic 
matters. It may be used in foul-smelling waters, by adding a tea- 
Upocmful to 8 or 4 galions and stirring constantly till a permanent 
tMut is left lor five minutes; alter this, filter through animal 
charcoal. 
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X3i26. — What theme of Condyle fluid as regards the quality of 

water ? 

It serves both as a purifier and as a test of purity. ^ 

X827. — In what sinvple way may Gondy^s fluid be used as a test of 
jpxwity ? 

Condy's fluid added to pure water gives the water a beautiful 
purple colour, which remains unaltered. But, if organic matter be 
present in the water, the purple tint is soon lost, and the Condy^s 
fluid will not again show its purple hue on addition to the water 
until the organic matter has been thoroughly oxidised. 

1328. — What do you do before adding the solution ^ 

Acidulate the water with a few drops of hydrochloric acid. 

1329. — How long should the coloxir remain if the water he pure ? 

For at least five minutes ; if gone before this time, more must 
be added till the colour is pretty permanent ; the amount required 
and the rapidity of discolourisation will indicate the nature and 
amount of the organic matter present. 

1330. — What effect has the organic matter on the permanganate 

of potash of the Gondy's fluid ? 

It dioxidises the organic matter, taking part of its oxygen, 
and being converted into manganate of potassium. 

1331. — Hoxc are organic matters best removed or treated ? 

Organic matters in solution are best treated with potassium 

permanganate or Condy’s red fluid. It readily removes any offen- 
sive odour arising from water kept in casks and oxidises at least 
a portion of the organic impurities which may be present, but as 
alluminiura is only slightly affected by it without the aid of heat, it 
cannot be regarded as a reliable purifier of water tainted with 
animal impurities. 

%ZZ2.’—What are the properties of KMNO^^ in purifying wcUer ? 

Potassic permanganate destroys eflfluvia and oxidises much of 
the organic matter in solution and suspension. Living organisms 
arc for the most part unaffected by the quantities admissible in 
such a process. The permanganate should be added until a persist- 
tent faint pink tinge Appears ; it is advisable to supplement it by 
alum purification 

tZZZ.— What are the advantages of using Gondffs 'fluid ? 

It is simple, facile, does not impart any taste to the water and 
it is non-poisonous. It is added at short intervals until a faint pink 
colour remains permanently. 


* Whitslegoe’s Hygiene and Puhltc Health, 
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1334 . — TFAot are the ways in tvhich' potaasmm permangeneae may 

he used in testing water f 

1. For roughly indicating the amount of organic matter present 
by the time in which change of colour is produced. 

2. In combination with alkalies, as alkaline permanganate iu' 
the albuminoid ammonia process of Wanklyn and Chapman. 

3. In the presence of sulphuric acid, in which the amount of 
organic matter is expressed in terms of “ oxygen required” to 
oxidise it. 

1335 . — How does the addition of vegetable astringents act ? 

By coagulating albuminous bodies and organic matter in the 
water. 

1336 . — How does the immersion of certain vegetable astringents 

in water affect it ^ 

The immersion or boiling of certain vegetables, especially those 
containing tannin, such as tea, kino, the Laurier rose (Nerium 
oleander, which is rubbed on the inside of casks iu Barbary), 
bitter almonds (in Egypt) purify ^^ater containing organic matter 
by forming an inert organic compound, a vegetable albuminate. 

1337 . — What is the Strychnos foiatnrnm and how is it used ? 

In India the fruit of the Strychnos is used, especially 

by the better class of Hindoos, to purify water. It is beaten into a 
paste, and rubbed on the inside of the water jar or cask. Hr Mouan 
says that it is chiefly used for the river water at the season when 
it is laden with silt, and that about 30 grains are used for 100 
gallons of water, which act in twenty-four hours. Its action ap- 
pears to be on suspended matters, which it possibly carries down 
by giving to the water a delicate albuminous coagulum, so that it 
purifies water on the same principle as beer is fined. Dr. O’Shaugh- 
nessy thought its action was connected with its astringency. Some 
experiments on its action were made at Netley, but without any 
satisfactory result. It did not even clear the water thoroughly 
from suspended matters, and it had no effect on the amount of 
nitrous acid, ammonia, or of oxidisable organic matters, as far as 
these could be judged of by potassium pennanganate. Bene wed 
experiments are, however, necessary.* 

1338 . — Has charring the containing vessel any effect in purifying 

water? 

It has : charring the interior of casks may be mentioned here as 
a means of artificial purification. This practice ifould enhance the 
purity of water stored in wooden cisterns. 
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1338.— ^OMc another method of effeetmg the purification iif water 
without filtration ? 

That of agitating the water with Binall fragments of coke, 
spongy iron or scrap iron, which purifies it from micro-organifems. 

P. F. FiiANKXANn’s experiments seem to show that agitation with 
small fragments of certain substances effectually purifies water from 
organisms. Co/rc has a powerful influence, and so has ^ongy iron. 
Later, Anderson has shown that scrap iron is equally efficacious, so 
much so that it is now used at Antwerp in extensive water 
purification works instead of spongy iron. 

1340 . — TF/me is the origin of 8 in ivater ? 

Decaying organic matter dioxidise any sulphates contained in 
the water ; the O of the or sulphate combines with the 

carbon of the organic matter to form CO^ while the 8 unites with 
the H to form Hg S. 

1341 . — What other explanation is giveyi regarding the occurrence 

of H^S in water ? May sulphides arise in water ? 

Sulphides are said to result from the reduction of sulphates by 
Beggiaioa., and perhaps from contact with iron pyrites. Carbonic 
acid likewise liberates sulphuretted hydrogen from sulphides. 

Hydrogen sulphide sometimes occurs in water as a consecpionce 
of the decomposition of sulphates by organic debris, even by the 
cork of the bottles used in collecting samples, the SHj being after- 
wards liberated by carbonic acid. In some mineral waters 
(Marienbad) hydrogen sulphide appears when algce are in the water, 
but not without. 

1842 . — How does sulphuretted hydrogen and marsh gas gain access 
to ivaier ? 

Sulphuretted hydrogen or marsh gas may be found, the former 
due to mineral sulphides such as pyrites, or to decomposition of sul- 
phates by organic matter, the latter to fermentation of vegetable 
matter in stagnant pools, or to pollution by coal-gas. Traces of 
ammonia are usually present under the latter circumstance. 

1343 . — How may we recognise H^S in water ? 

1. By its characteristic offensive (“ rotten egg ”) smell. 

2. By the black streaks on the surface of the water produced 
by the addition of a few drops ol a solution of acetate of lead. 

3. By the addition of a solution of Na OH and the one of nitro- 
prnsside of sodium, producing a violet purple colour. [The nitro- 
pruBside acts only on sulphides.] 

1344 . — May ike presence of earburetted hydrogen be easily 

tained 7 

It cannot be mdily detected if in email quantity in water, but 
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Tienaann says that warming the water to 110° Fahr. (44° C.) will 
enable the smell to detect coal-gas, when chemical re-agents faiL 
Generally there are other impurities, especially if it be derived from 
gas impregnation. In larger quantity it sometimes bubbles up from 
Sie water of stagnant pools, particularly if there be much vegetable 
matter ; and, in the cases of some natural springs in petroleum dis- 
tricts, can be ignited. 

1345. — Is the volume of a given gas dissolved in water at a given 

temperature always the same ? 

It is generally found to be approximately the same at all pres- 
sures, and the ratio of this volume to that of the water which dis- 
solves it, is called the co-efficient of solubility ^ or of absorption. 

1346. — Does distillation render impure water absolutely pure ? 

It docs not ; it leaves the solid residues below, but the vapour 
takes with it the CO^, NH^, and volatile bases. 

1347. — ir/icr-i are the characters of natural tvell aerated waters f 

Well aerated waters are bright, lustrous, and agreeable to the 
palate. This is es{)ecially the case with water from wells or springs, 
of medium depth, in calcic carbonate formations— the low' temperature 
and greater pressure combining to increase the charge of carbonic 
acid. The absence of dissolved gases in distilled water renders it flat, 
dull and unpleasant to taste. 

1348. — To what do aerated waters owe their characters ? 

The various forms of aerated water (of which soda-w'ater may be 
taken as the tyfie) owe their sharp characteristic taste and sparkling 
appearance to the carbonic acid they contaili. 

1349. — amounts of the gases enumerated in the answer are 

absorbed by 1 litre of ivaterat 59° F. and 30 inches of 
mercury ^^vessure ? 


Litres. 

Ammonia ..... 782' 7000 

Hydrochloric acid .... 457’8000 

Sulphurous acid ..... 43*5642 

Carbonic acid ..... 1*0000 

Oxygen ..... 0*0148 


1350 . — How may coal-gas find its way into wells or water pipes ? 

Coal-gas passing into the ground from leaking of gas pipes 
sometimes finds its way into wells, or even into water pipes. In 
Berlin, in 1864, out of 940 public wells, 39 were contaminated by 
admixture with coal-gas. A good instance is related by Mr. Harvey, 
where the main pijies were often empty and gas penetrated into them. 
Having regard to the cases in which gases from the soil (from leak- 
ing gas pipes, sewers, etc.) find their way into water pijies, it wmuld 
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seem important not to lay down water pipes near any other, or, what' 
is better, have all gas pipes in sub-ways where they can be inspeoted*^ 

1351 . — How ia aerated water 'prepared ? What are the •points of 
hygienic importance in connection with these waters f 

Aerated water is prepared as follows Carbonic acid is gener- 
ated by the action of sulphuric acid on chalk, sulphate of lime being 
left benind. The carbonic acid is forced into the water which dis- 
solves about five times its volume of the gas. [It is merely a solution 
of carbonic acid in water under high pressure. Real soda-w ater has 
30 grains of bicarbonate of soda to the pint, and should only be used 
medicinally.] 

We have seen an instance in which aerated waters were pre- 
pared from the unfiltered water of a marsh pond. An analysis of 
this water showed an abundance of dead animal and vegetable life, 
as well as disintegrating animal and vegetable debris. 

The use of aerated waters, prepared from unfiltered, impure 
water, is no less dangerous than the use of the impure w'ater itself. 
We repeat this assertion, as there is an erroneous impression abroad 
that aerated waters have a self -purify mg property. This is a delu- 
sion, Aerated water factories should be thoroughly supervised by all 
local mimicipal authorities, and the filtering apparatus of these estab- 
lishments carefully seen to. We feel convinced that it is much safer 
to use pure, filtered, drinking water, than the aerated waters generally 
met with. This may not apply to those of large municipal towns 
and cantonments, where such manufactories are strictly superin- 
tended, but it certainly does to small toivns and municipalities, where 
strict supervision is absent. 


CHAPTER XII. 

Filtration of Water. 

1352. - TFW, (ire the general means adopted in the filtration of 

water ^ 

Filtration may be carried out either on a large or on a small 
scale. On a large scale it is conducted in the filter lieds of public 
water works, in which case sand is the chief filtering medium; and 
on a small scale it is carried on in domestic filters, in which the 
filtering material varies. 

1353. — Do all natural waters require filtration before being 

used ? 

There are very few waters that do not require some form of 
artificial purification, before being used for drinking purposes. 
Bain water, if collected pure, water from mountain streams, pnmai’y 
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springs, and well-preserved deep wells (if remote from inhabited 
houses), may be used without any preparation. So may that from 
the water works of most large towns, the water of these works 
having been tolerably well prepared by filtration before final dis- 
tribution. In all other cases the water should be subjected to some 
form of ])urification before being used. It is positively dangerous 
to drink the water drawn from the large majority of superficial 
wells we see within small towns and villages, without previously 
boiling and filtering it. 

1364 r.— f/ou? do filters effect the purijicaiion of water ^ 

Some filters act merely mechanically ; others both mechani- 
cally and chemically. 

1366 .“-i/ott 7 do the majority of these filters act ? 

Both mechanically and chemically. The latter is effected in the 
oxidation of tlie organic matters. These filters remove both the 
suspended and dissolved matters, both animal and vegetable. The 
action in all is limitc'd if the amount of organic matter in the 
water is large, and they require ]ieriodical cleaning. 

1356 . — What are the essential conditions necessary to constitute a 

good filter ^ 

1. That (‘Very part of the filter shall be easily got at, for the 
]nirposes of cleaning, or of renewing the medium. 

2. That the medium have a sufficiently juirifying jiower, and 
be present in sufficient (quantity. 

3. That the medium yield nothing to the ater that may favour 
the growth of low forms of life. 

4. That the purifying power he reasonably lasting. 

if ^riiat there shall be nothing in the construction of the 
filter itself that shall be capable of undergoing putrefaction, or of 
yielding metallic or other impurities to the water. 

d. Tliat the filtering material shall not be lialile to clog, and 
that the delivery of the uater shall be rea.sonably rapid.* 

1357 . — What are the various questions arising out of these sine 

requirements of a good filter ^ 

The of these conditions obviously sets aside all filters of 
the older, and what used to be the usual, jiattem, where only 
a small layer of filtering material was present, wdiich was 
cemented up so as not to he reached without breaking open the 
apparatus. 

The second condition is fulfilled, so far as filtering power is 
concerned, by a number of media ; with regard to bulk of material 
this is also fairly well attended to in the filters when loose material 
is used,— but where solid blocks are employed the size is often 
quite incommensurate with the work they are called upon to do. 

* Parkks’ Practical Hygiene^ 7th Ed, 
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The third condition is complied with by spongy iron, good 
samples of carferal, and some other materials, — but not by animal 
charcoal in the loose condition. As solid blocks, animal charcoal 
seems to yield less impurity to water than in the granular condition. 

Tha fourth condition depends a good deal upon the relative 
degree of impurity of the water. The spongy iron on the whole 
lasts the longest. 

The fifth condition demands that nothing organic shall bo used 
in the construction of the filter, or in the packing of the in- 
terior. Iron or other metal must be protected from the action of 
the water. 

The sixth condition is generally fulfilled when the material is 
loose and when the water is not too full of suspended matter. Some- 
times sponge is used to arrest suspended matter, but it is so apt to 
get foul that its use had better be avoided. The block filters are 
very apt to clog, a slimy substance forming on their surface. This 
is jiartiy obviated now* by the use of asbestos strainers (as in the 
silicated carbon filter). Spongy iron is apt to cake unless kept 
constantly covered with water, but this is arranged for in the new 
forms of filter 

1358 - — What arc the evils assoc iated,x(nth neglected filters ^ 

All filters are repositories for the impurities of water— a form 
of dust-bin. They take up and retain the foreign matter they have 
separated from the w’ater. It ' should be remembered that a filter 
may become the breeding ground of germs, and may thus, if not 
kept clean, give rise to the injurious effects it is intended to ]ire\ent. 
They all require regular and thorough cleaning. A foul filter is 
most dangerous, for in this state it gives to the watei* the impurities 
it had previously removed. A foul filter is ivorse than no filter at 
all ; it IS a w^ater polluter, instead of a w ater inirifier. Any form of 
filter that does not permit of free access to the filtering medium is 
defective. However bright and apparently pure a water may be, 
excc])t it be from some primary spring remote from habitations, and 
on elevated ground, it should always be subjected to filtration, for 
a water may ajqiear uninqieachalde as to its wholcsomeness, and 
jet contain the germs of disease, which good filters are ciipable of 
removing. 

1359 . — State hriefly what are the special qualifications of a good 
filter. 

It must present no facilities for holding dust or the poisonous 
particles of disease , if it retain one it is likely to retain the other. 

It must possess everj^ facility for the removal of its impurities 
as fast as they are produced. 

It must be free from damp. 

It must be well filled with daylight, from all points that can be 
pharged with light from the sun, without glare. 


* Parkrs' Frcictical Syyienef 7th Ed. 
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It must be charged with perfectly pure air in a steady changing 
current. 

It must be maintained at an even temperature, and must bo 
free from droughts. 

It must be charged with an efficient supply of pure and per- 
fectly filtered water. 

A house ])ossessing the advantages named under those heads 
cannot (ciieterU parahua) be far from a perfect healthy house, it is a 
house in which a disease can never be generated so long as it is kept 
up to its proper standard; in whicli disease, if it be introduced, will 
remain for- the briefest possible period; and which, after disease' 
has left it, will admit of instant and complete })urification. 

Some Altering media both remove organic matter from dilute 
solutions, and destroy it. This they effect by causing the O dis- 
solved in the water to comhine with the organic matter. Foremost 
among such bodies is charcoal. 

1360 . — fa filtered water prone to putrefy ^ 

It is, filtration, and still more filtration with boiling, lessens 
the kee])mg powder of w^ater, so that these jirocesses should only be 
carried out a short time before the water is to be used. [The fact that 
filtration lessens the keeping ])ower of water is of importance in the 
use of all filtered water.] 

1361 — ]Vkat additional precaution is necessary with regard to 
filters i 

All waters subjected to ]>urification should be examined from 
time to time, to ascertain that the purifying process is carried on 
efficiently. 

1362 . — Does Simple filtration alone remove all risks in connection 

loith the use of suspicious or dangerous waters ^ 

Not hy any means * it wdll clear the water hiit will not effect 
the (lestrnction of those ])oisonous agents (disease germs, organic 
poisons, etc.) which are the essential sources of risk. The Rivers 
Pollution Commissioners have expressed the opinion that all the 
methods of purification hy filtration, whether carried out by 
water eom^ianios on the large scale, or by the c*oiisumer on his 
own ])remises, are inadequate to ])rovent the projiagatioii of epi- 
demic disease h^’ water. Theoretically they may he considered some 
safeguard, hut tlu^re is “not a titth' of triistAvorthy evidence to sup- 
port such a view,” 

1363 . — Does the action of filtering media continue ? 

All the filters after a time hocome clogged up, and have there- 
fore to be taken to pieces and throughly cleansed ; or, if this cannot 
be easily done, they may ho purified hy passing through them a 
solution of potassium permanganate or Condy’s fluid, with the ad- 
dition of a few drops of strong sulphuric acid, and afterwards two 
or three gallons of pure or distilled water acidulated with hydro- 
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chloric acid. The charcoal in a filter may also be purified bjr ex- 
posing it for some time to the sun and air, or by heating it m an 
oven or furnace. In the spongy iron filter the filtering medium has 
to be renewed from time to time. The danger of the possibility of 
becoming clogged up is one inseparable from all domestic filters. 

X9B^*^8hould the use of domestic filters he I'estvicted ^ 

Yes ; the use of domestic filters is only desirable when the purity 
of the water is open to suspicion. A filter should be emptiea from 
time to time to promote aeration, and requires frequent cleansing 
and occasional renewal of the carbon or other medium. Cleansing 
may be effected by scrubbing the carbon block, if removable, then 
miming an acid solution of potassic permanganate through it, fol- 
lowed by copious washing with very weak hydrochloric acid, and 
finally several gallons of water. In the filtre rapide” the medium 
can be renewed without trouble. 

1366.— IT/m/ consiitnents does filtration remove ^ 

Chiefly the suspended organic vegetable and animal matters, 
leaves, excreta of birds, a large ])art of the susj)ended animal and a 
small share of the absorbed organic and mineral matters. 

1366 .— vms the opinion of the Rivers Pollution Corn* 
missioners in regard to the various filtering media ? 

The report of the Commissioners ajipointed to incjuire into the 
best means of preventing the iiollution of rivers sjieaks highly of 
fresh animal charcoal, silicated carbon, carbide of iron, and spongy 
iron ; but the more recent experiments of Professor Franklana have 
tended to show that the iron preparations and sand are far more to 
be depended upon than the others. 

1367- — Is the rate of filtration of importance ^ 

It is ; because it materially affects the results. The effect of 
filtration will be almost inversely as the speed of filtration. 

1368- — In what way may the efficacy of a filter be tested ^ 

By the microscopical examination of water before and after 
filtration ; this is of some importance. 

1369 — How has the ejficacy of filtering media been tested and 
p)roved ? 

By means of an arrangement called a subsidence filter. This 
consisted of a wooden box 12 inches square and 20 inches deep, 
containing 24 plates of steel zinc, J inch apart. Each })late had six 
holes punched in it, 1 inch in diameter. The holes were near to the 
side, and had their edges turned up a little ; the plates were so 
arranged that the holes were not opposite each other. A small tap 
came from just below the lowest plate. Another box like this, but 
without plates, was also constructed. Both boxes were charged 
with freshly-softened water, containing chalk suspended in it. The 
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water took about eight hours to clear in the box without the plates, 
and was quite clear in the one with the plates at the end of twenty- 
five minutes. This box of plates was next used as a filter, by sending 
a slow stream of water charged with suspended chalk through it. 
About 11 gallons an hour of quite clear water could be drawn off. 
If the speed was increased much beyond this the water was no 
longer clear. To render the analogy between the filter acting 
entirely by subsidence and the common sand filter quite plain, the 
box without the plates had a piece of coarse wire-gauze stretched 
across it just above the tap. It was then filled with slate chips, and 
water containing chalk in suspension, as before, filtered through it. 
The action of this filter was exactly the same as that of the plate 
filter, except that more water could be passed through it ui an hour 
without turbidity. If, however, more than about 15 gallons an hour 
were passed through it, the water was slightly turbid, and if the 
quantity was increased to 20 gallons, it was quite so. Some 
experiments, substituting very coarse sand for the slates, gave 
analogous results. 

filtration ia completed tvhat precauUon should be 
taken ? 

A most important point with regard to a supjily of pure water, 
is that the water when purified should not be brought in contact 
with foul and germ laden air. This matter is fretpiently neglected, 
and cisterns are too often placed in the vicinity of latrines, water- 
closets, and ashpits, where the water contained in them absorbs 
most noxious gases and germs. 

1371*— What are the defects of small filters ^ 

When the filters are too small they fail to do much good ; and 
Letheby has given analyses which prove that small filters may be 
nearly useless. It ajqiears undesirable to use charcoal filters on this 
account, and filtration through charcoal has frequently been a failure. 
Spongy iron has been lately very strongly recommended. 

1372 . — May a. filter affect water in the oppsife way to that in 

wh ich it is intended to act ^ 

It may. In both large and small filters the amount of matter 
in solution is often increased' by passing the water through the filter, 
for unless the ordinary filtering material is frequently cleansed, the 
decomposed substances arrested in the pores of the filter are absorb- 
ed by the water. 

1373 . — What may he stated with regard to the superiority of one 

form of domestic filter over another t 

It is obvious that, for reasons of convenience,^ one filter may be 
preferable to the others according to circumstances. If the water 
IS required immediately in considerable quantity, and is to be con** 
8umed at once, animal charcoal would be used, but would require 
frequent renewal, as is the case in the “ filtre rapide.” In the other 
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eases, where the delivery is slower, the size or the number of the 
filters would have to be arranged accordingly. 

1374. -i7oio may suspended inorganic and organic matters he got 

rid of ? 

By subsidence and filtration: boiling, especially boiling plus 
filtration (as a rule) effectually removes any of the possible ill-effects 
of suspended and dissolved organic matter. 

1375. — TF/icn 'is tJie filtering power of filters mostly taxed ^ 

During rainy seasons and in winter. 

1376. — IFW are the materials xised for filtration on a large 

scale ^ 

Sand, gravel, bi'ick, .stone or shingle, the depth of the whole 
varying from 5 to feet. 

XZ77.— What is the principal filtering medium of nearly all 

modern v:ater works ^ 

Sand, and this holds good whether the sujiply be from gather- 
ing grounds, rivers, reservoir.s, lakes or tanks. Sand forms a very 
satisfactory barrier to our infection by disease*})roducing microbes 
conveyed by water, and the experiments performed by Dr. Percy 
Frankland indicate this. The tact tluit deep well water contains but 
few micro-organisms is anotlier indication of the filtering power of 
the soil. [In the analytical report given in the Ajipendix, the water 
from the hydrants showed an absence of any harmful impurities, 
except a few micrococci, notwithstanding that the water in its raw 
condition from the Hoosain 8augor Tank, Hyderabad, Deccan, con- 
.tained much timmonia (both saline and albuminoid) and crowds of 
bacterioid organisms.] 

1378. — How does sand act on the Thames water as regards 

microbes ^ 

It removes 95 to 99 {ler cent, of the microbes present in that 
water. 

1379. — Upon what particular impurities does sand used as a 

filtering medium act ^ 

It is yet uncertain whether the action of sand on organic matter 
is at all chemical, i.e., whether the organic matter is oxidised in its 
transit ; considering the amount of air contained in the interstices 
of sand, and how finely the water is divided in its transit, some 
amount of oxidation is probable, but good chemical evidence in 
support of this view is yet wanted. Mr. Shield’s experiments seem 
opposed to the probability of much chemical action. On dissolved 
mineral matters sand exerts at first, and when in thick layers, a good 
deal of action ; much sodium chloride can be removed ; and Profes- 
Bor Clark has stated that even lead can be got rid of by filtering 
through a thick stratum. Very finely divided clay seems to pass 
through more readily than any other suspended matters. 
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1380 . — What is the action of such a filter as that ordinarily wed 
as a filter bed ? 

It is almost entirely mechanical, and this by acting as a strainerj 
by the particles of matter contained in the water adhering to the 
Band, and by subsidence within the interstices of the filter itself. 
It removes all the suspended matter, but onl}^ a small portion of the 
dissolved organic matters. There is a layer of oxygen which oxi- 
dises organic matter out first, but as usually carried out it only 
reduces the suspended matters. 

\3B1.--What is the active 'portion of the filter ? 

It is about half-an-inch in depth of the upper layer of sand, and 
this has to he removed in some cases every two months, washed 
with water, then relaid, and again used. It is the first half inch of 
the upper layer of sand then which has to be re})eatedly removed. 

1382 . — At what intervals should this he re'inoved ^ 

It depends upon the amount of sedimentaiy matter and other 
impurities iii the water, but as a rule once every two mouths is 
sufficient. 

1383 . — Can this removed sand he used again 

Yes , but it must first be cither heated in a furnace or thoroughly 
washed in a properly constructed trough. 

1384 . — yl/ie r the water has been filtered, on a large scale v:hat is 

necessary ? 

That it be kept in covered reservoirs to keej) it from the .nuii 
and from contamination. They should also be well ventilated. 

1385 . — Describe the method of supply by filtration adopted by the 

London Water Compayiies. 

The water taken from the river at Hampton is passed into a 
storage reservoir of masonry, capable of holding several daj s’ supply. 
It is important that the capacity of this reservoir should be suffi- 
ciently great, both to obviate the necessity of drawing water from 
the river when it is in flood, and therefore very turbid, and to allow 
time for the clarification of the water by the deposition of all its 
suspended matters. The five companies supjilying Thames water to 
London have storage reservoirs of an aggregate capacity of 516 
million gallons, capable of holding 7*3 days’ supply, the average 
daily supply from these five companies being 70*5 millions gallons. 
From the storage reservoirs the water passes on to the surface of 
the filter beds, which consist of layers of fine sand (average thick- 
ness 3 feet) lying upon layers of gravel, fine above, but coarse below. 
In the coarse gravel are the open mouths of the outlet pipes, which 
convey the filtered water to the pumping statioBB, from whence it 
passes through iron mains to the metropolis or to a high level 
reservoir near London. The depth of water on the filter beds is 
never more than two feet ; the average rate of filtration per square 
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foot of filter bed being If gallons per hour. The upper layers of 
fine sand must be frequently renewed, as they become choked with 
sediment. They are usually removed, and washed with water jetted 
from a hose under high pressure, before being used again in the 
filter beds. 

1386 . — JVhat effect have these filters on the microbes 'present in the 
unfiliered water ? 

Dr. Percy Frankland has shown that the micro-organisms 
(harmless) present in uiifiltered Thames water at Hampton are re- 
duced in number on the average 97*7 per cent, by the storage and 
filtration which the water undergoes at the hands of the water com- 
panies, but that this reduction is largest in the case of those com- 
panies which have the largest storage capacity for un filtered water, 
the greatest thickness of fine sand in the filter beds, the slowest rate 
of filtration, and the most frequent renewal of the filter beds — all 
these being factors of much influence on the chemical, as well as on 
the biological, characteristics of the water. 

The conclusion that we may come to then, in the case of the 
London water-supply from the Thames, is that, as long as it is effi- 
ciently filtered, it is pure and wholesome ; but that the Thames is 
not really a safe source of supj)ly, for should the filtering arrange- 
ments break down at a period of epidemic prevalence in the upper 
reaches of the river, disease would in all probability arise amongst 
the consumers of the water in London. The same may be said of 
any other polluted river used as a source of drinking water. 

What is the usual plan of filtering water ^ 

^rhe water is first collected into large settling tanks, and then 
filtered by ascent or descent, or both. The filters consist of brick 
tanks open to the air, and at the lower part the filtering layers are 
placed ; the filter proper is usually from 3 to 5 feet in depth. The 
upper two feet or so consists of sand ; the lower three, coarse gravely 
becoming coarser and coarser as we pass down. Sometimes there is 
a layer of bricks at the bottom. The sand must be washed first with 
distilled water ; white sand is the best, and, if ])ossible, it should be 
heated to redness before u.se. The sand should lie sharp and angular,, 
and not too fine. 

1388 . — Describe the construction and working of ordinary iilter 
Public Water Works? 

The filter beds of ])ublic water works usually consist of a shallow 
tank, with stone or brick walls, lined with cement or concrete. The 
floor, lined in the same way, is grooved with small channels, leading 
to a main exit channel. Clean gravel, coarse below and fine above, 
is laid to the depth of three feet, and over this fine clean sand to a 
depth of three feet. The water that is to be filtered is allowed ta* 
flow over this to a depth that should not exceed two feet. Two filters 
are usually constructed alongside one another, so that one may work 
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when the other is being cleaned. The filtered water is stored in a 
covered, cement-lined, tank. From this latter reservoir the water 
is distributed to streets and houses in iron pipes. Iron pipes are 
used because they are less expensive, and more convenient than stone 
ones, and can be carried over undulating ground. A further advan- 
tage is that they can bear greater pressure. The iron pipes should 
be bedded on a firm foundation to prevent leakage at .joints, and 
valves or ta])s must be provided at tne summit of upward and at the 
bottom of downward curves to allow of the removal of air or of accu- 
mulated silt. Water pipes, especially in a descent, are likely to admit 
gaseous liquid or even solid impurities through leaky joints. Such 
pipes should have a solid foundation, and should not be laid in polluted 
soil or near drains ; otherwise concrete beds are necessary for them. 
If the water is^ muddy, it should be permitted to stand for some time 
in a settling tanlc, so that the mud may subside before the water 
reaches the filter. Open distributing channels are always objection- 
able, as the water they convey can never be jireserved f rom pollution. 

1389 * — How is the bottom of the filter bed 'prejjared ? 

The bottom of the filter bed is prepared to suit the circum- 
stances of its position. It must be made practically water-tight. This 
is sometimes ensured by laying concrete on the bottom, but quite as 
often ])y a layer of hard clay puddle 18 to 24 inches thick, over 
which a flooring of brick is laid ; where the ground is more than 
usually bad, both the clay and the concrete may be used with advan- 
tage ; when concrete is used the brick paving is not essential. 
Upon this flooring a central drain, running lengthwise, is laid with 
W'hich are connected on either side small tubular drains of 6 to 
9 inches diameter, prepared for this purpose, the sides being pierced 
with holes to facilitate the entrance of the water. Those side drains 
are laid nearly at right angles to the central drain, and from 8 to 
12 feet a})art. The central drain i.s frequently a double dram, per- 
forming two offices — the lower part, which is covered, gathering 
the filtered water, and the upper part, which is open, delivering the 
uiifiltered water upon the sand, when refilling a filter bed im- 
mediately after cleansing, and in use then only for that special pur- 
pose. This central drain is sometimes of ln*ick, and sometimes of 
stone covered with stone flagging, the side walls of the lowest 
12 inches of the drain being in either case laid dry ; the w^ater-way 
for this size of filter should not be less than 30 inches wide by 
15 inches of height. 

1390.-— IF?? a/ are the objects and results of filtration on the large 
scale, and how are they carried out ? 

On the suspended matter, the action, although siin])le. is twofold 
In the first place, particles too large to pass into the interstices of 
the filter are arrested at the very outside ; in the second place, and 
with regard to finer particles, the process is one of sedimentation 
and adhesion. It is well known that a turbid liquid will deposit 
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sediment, not simply on the bottom of the vessel in which it is con- 
tained, but also upon the sides. In a sand filter, as the water passes 
slowly downwards, not in veins, but by percolation, the minute 
particles of suspended matter are attracted to and deposited upon 
the walls of the numerous vessels which are formed by the void 
spaces between the grains and sand. This is true even when the 
material of the filter is very coarse. If muddy water be passed 
slowly through a bed of single or broken stone, it will clear much 
more rapidly than if the subsidence takes place in an unobstructed 
basin. 

While it IS true that the action of a sand filter is exerted chiefly 
on the substances which are in suspension, it is also true that some 
effect is produced upon matter actually in solution. This effect has 
been very much exaggerated ; and yet then' is no doubt that, if 
properly managed, sand filtration is competent to remove an appre- 
ciable amount of dissolved organic matter. The action may be ex- 
plained in two ways. In the first place, most porous substances 
possess the power of removing certain kinds of organic matter by 
something which may be called adhe.sion. Th(‘ absorptive power for 
any substance is limited and soon reached, and the substance thus 
removed may h> appropriate means he again brought into solution. 
Quartz sand, as we should infer, possesses the power to a slight 
degree only, ^riie second method, by which dissolved organic matter 
is removed in the sand filter, is by oxidation. The substance is 
actually burned more or less completely, in part b} the ox3'gcn held 
in solution in the water, and in part by the air entangled in the 
interstices of the sand. Although in filling the beds with w ater, 
great care is taken to displace the air gradually, and as com])letely 
as possible, some must alwa^xs remain in the concavities of the 
individual grains of sand and otherwise entangled. The exUmt of 
the action of a sand filter in this direction depends not onl^' on the 
thickness of the filtering medium, and the rate at which the filtra- 
tion takes place, but also, and in large mea.sure, upon the frequency 
with which the filter is cleansed. The cleansing of the filter not only 
removes the accumulation of organic matter, which, if allowed to 
remain, would tend to injure the w'ater, but also involves the aeration 
of the sand. 

The filter beds should be properly constructed, esjiecial atten- 
tion being given to the sand emplo^^ed, and should be cleaned with 
sufficient frequenc■3^ Settling basins of sufficient size woll generally 
be necessary, and, for the best effect, the filter beds should he 
covered, and the filtert'd water delivered at once to the consumers, 
or, if stored, it should he stored in covered reservoirs of small size, 
which can be readily emptied and cleaned if occasion require. 

The covering of the filter beds is a great advantage, as has 
already been said ; the covering of the clear- water basin is to be 
regarded as a necessity ; especially in case of all waters which are 
liable to considerable vegetable growth. It would seem that the 
spores of the cdgoB are not removed by the passage through sand ; at 
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any rate, if the filtered water be stored in a reservoir exposed to 
light, the algcB develop themselves anew, and the advantage once 
gained is lost. It is, however, confidently asserted that, if the water 
after filtration be stored in covered reservoirs only, no growth will 
make its appearance. This has certainly proved to be the case in 
Berlin, Altona, and other places in Germany, and in several localities 
in England as well. 

Many analyses have been made to ascertain the effect of sand 
filtration upon the water filtered. In some cases the oxidation 
alluded to is sufficient to determine an appreciable decrease in the 
amount of dissolved organic matter which gives colour and unpleasant 
taste to the water. In view of what is actually accomplished in 
existing works, it seems to be best to regard the removal of colour and 
unpleasant taste as incidental and likely to vary very much accord- 
ing to the condition of the filter. If a sand filter removes completely 
all suspended matters without allowing the matter at first removed 
to contaminate by its decay the water filtered sulisequently, it may 
be regarded as successful. 

1391 . — How are the sides arranged in England, ^ 

In England the sides are usually paved with brick or stone to 
slopes of from I to 1 to 2 to 1. [In North Germany the side walls 
have to bo vertical on account of ice, and the depth of the water over 
the filter beds is not less than I h'ct.] 

1392 . — With what accessory should the drainpipes of the filter beds 

be connected ^ 

With air pijies, to ])revcnt them getting choc’ked with air. 

1Z93.-II0W is the overJJow to filter beds best arranged ? 

At or near each angle, and should be commanded by sluices, so 
that the scum, especially that which with some waters is so prevalent 
in hot weather, may be readily cleared off by opening the leeward 
sluice when there is a breeze Drams should be provided also tor 
drawing off the wattn* from both above and below the sand, without 
]ia88ing it through the clear water well or tank. 

139^.- How may the workmen be admitted to get ai the sedim&nt 
and collect it f 

The lowering of the wator 12 to 18 inches belo^v that surface 
will afterwards be sufficient to admit of the workmen removing the 
crust of sediment collected upon it. 

139B.-What arrangements are made for the escape of water from 
the pipes, while the water is being first let on upon the 
filter beds ? 

From the ends of the pipe drains, as well as from the end of the 
central drain, small cast-iron pipes of 4 inches diameter rise to the 
surface of the ground to enable the air to escape while the water is 
being first let on upon the filter bed. 
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1396 * — Whai should he the areas of the filter beds under varying 
conditions of consumption of water ? 

When the flow of water through the system of filters during the 
twenty -four hours cannot be made uniform, that is to say, when, as 
is sometimes the case (in the absence of an intermediate clear- water 
basin), it varies with the consumption, being greater during the day 
hours than during the night hours, the combined area of the filter 
beds in that 'case should be made to meet the maximum or daylight 
■consumption of the service an hour. 

1397 . — What relation is there behoeen size and efiiciency of sand 

filter beds ? 

The smaller the filter bed, the smaller will be the total area 
of filtering surface required for the particular duty. The ma- 
terials available for construction and their cost, will also necessarily 
influence the dimensions to be ado])ted, and it must always be borne 
in mind that although there may be but one filter off duty it will 
frequently happen that another is nearly unserviceable. Tt is there- 
fore found best to give a lilieral area of filtering surface to be pre- 
pared for all the contingencies of the service. 

1398 . — 'H.oxo should the filtering media in a filter bed be laid ? 

From above downwards 


Fine sand .. 

2' ti" 

Coarse ., 

ti" 

Shells or fine gravel 

t!" 

Coarse gravel 

2' 


[A filter bed may be described as a tank or reservoir several feet 
in depth, with ]mved bottom, on which are laid a scries of non- joint- 
ed or perforated tubular drains leading into a central culvert. The 
flrains are covered with a layer of gravel about feet deej), over 
which is spread a layer of sand about 2 feet deejr The layer of 
gravel is coarse at the bottom, l^ecoming gradually fine towards 
its upper surface, and the same relative gradation, as regards coarse- 
ness and fineness, is observed with regard to the sand. The water 
is delivered uniformly^ and .slow, and in order that the filtering 
process may not be carried on hurriedly, the pressure is always kept 
down, the depth of water being seldom above 2 feet and in some cases 
only one foot.] 

1399 . — Whai should he the position of the lateral and collecting 
drains ? 

* A little reflection will show that the lateral drains can hardly 
be placed too close together, for it is dersirable that the filtered 
water should flow to the collecting drains with as slow a velocity as 
possible ; and the further these drains are apart, the greater must 
be the amount of water running through each drain. 
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' 1400 . — After having the filter bed what should he the course pur» 
sued by the filtered water till it reaches the mains ? 

The filtered water from each filter bed should be delivered into 
a small well, whence it escapes into the proper conduit, and is car- 
ried either to a common dear-water basin, or directly to the pumps. 
The sluices at this well can be so arranged, by operating downwards 
instead of upwards, as to adjust the head of water actually in action 
upon the filter bed. When the filter is clean, 9 inches of head will 
produce the required flow through the filtering material ; accordmg 
as the sediment becomes deposited on its surface, this head has to be 
increased to 2 or feet, varying a little with the character of the 
sand. If the head be allowed to exceed 8 feet, it is liecause the sur- 
face is being rajiidly closed ; the weight of the water comes then 
into play upon the sand, induces the packing already referred to, 
and leads to the labour of loosening up the material during the process 
of cleansing. Sometimes when this amount of head is exceeded, the 
pressure leads the water to break through at points w^here some 
slight difference in the material gives it op})ortunity. It will then 
flow througli in veins, damaging the filter bed; but sucli overstrain- 
ing of the filters is rare. 

14tOl.-Wha1 rate of filtration is allon'ahle in such a filter bed f 

Not more than 4‘5 foot per hour; or the speed of filtration 
should not exceed 700 gallons ])er square yard of filter bed area in 
24 hours. 

Four-and-half feet vertical per hour should be the maximum of 
s]>eed of filtration. 

To efficiently filter the water it should not Vie allow^ed to pass 
the filter cpiicker than at the rate of about fifty gallons j)er sujier- 
ficial foot of area of sand surface in twenty -four liours ; it requires 
frequent cleansing, which is done by removing a small quantity of 
the top layer of .sand, which is thoroughly washed and again used 
after exposure to atmospheric mfluences. It should lie remembered 
that the filtering medium must ahvays be thoroughly clean to allow 
of efficient action. Water, either river or Avell, passed through such 
a filter as above described, should be ccjual to that supplied to the 
metropolis of London, which has to pass the test required by Act of 
Parliament and the examination by the Government water examiner. 

1402 . — What should he the speed of the vertical descent of neater in 
the filter beds ? 

The speed of vertical descent should not be much aliove fi inches 
per hour, nor should the rate of filtration much exceed 700 gallons 
per square yard of filter bed in the 24 hours, although some water 
companies filter at a much more rapid rate than this. In large 
works there are always several filter beds, to allg^w of some being 
cleansed while the others are in use. The sediment deposited on the 
surface of the sand requires to be scraped off at intervals, and at 
^ach cleansing operation about half-an-inch of sand is also removed. 
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A fresh supply of sand is added when the depth of the layer is re- 
duced to an extent which threatens to impair the efficiency of the 
filter. It appears that proper filtration, carried on according to 
this plan, removes suspended impurities, and a certain amount of 
dissolved mineral substances, but whether dissolved organic mat- 
ters are destroyed, or oxidised to any considerable extent, seems 
doubtful. 

1403 . — Why should the velocity of filtration he slow ? Specify whai 

should he the actual rate of filtration. 

To ensure the perfect cleansing of the water by the filters, as 
well as to prevent any disarrangement of the materials of which 
they are con^osed. the velocity of movement of the water must be 
very slow. The average rate is half gallon a minute for each square 
yard of sand surface, which is equal to gallons an hour for each 
square foot of sand area of the filter bed. James Simpson, who may 
be said to be the originator of the method of filtering now m such 
general use in England, is of opinion that the filtering surface 
should be predicated on a rate of 72 gallons a day for each square 
foot of sand, which is equal to 3 gallons an hour a square foot. 

1404 . — How long should the tvater he e*rpo8ed to the filtering 

medium ^ 

The water should be in contact with the filter for about four 
minutes, and the rate of filtratioh should be such as to permit of 
this. The rate of filtration through sand alfects the results materially. 
Tlie effect of filtration will be almost inversely as the speed at which 
the filtration is effected. 

1405 . — How may th-w be proved ? 

By what may be called a subsidence filtration. 

1406 . — How is organic matter affected by filtering process in the 

filter bed? 

Organic matters in solution are, to a small extent, oxidised in 
their passage through the filter bed, when the sand is clean and 
sharp. This action ceases when the particles of sand become en- 
crusted with the impurities filtered out of the water ; it is therefore 
most effective when the sand on the filter beds has just been re- 
newed. 

1407 . — In filter beds what quantity of water should filter through 
a square yard in 24 hours ^ 

About 700 gallons. 

1408 .— Jfotc are the layers of filtering media arranged in the 
filter beds of the London Water Companies. 

Inches. 

1. Upper layer — fine silicious sand ... 15—18 

2. Lower layers— 'gravel increasing in size from 

that of a small pea to a middle-sized potato ... 20—24 
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HJOB.— What is the speed of filtration permitted ? 

Sixty gallons of water are allowed to pass through each square 
foot in twenty-four hours. 

1.410 > — What rests upon the floor of the filter bed ^ 

Upon the flooring of the filter beds, and covering the gathering 
drains as well as filling up the intervening spaces, a layer of broken 
stones is laid, large shingle or quarry spauls. 

1411. — What should he the size of the stones ? 

The stone should not be larger than will pass through a 4-inches 
ring, nor less than will pass through a 2-inche8 ring, and they must 
be clean and free from earth or quarry rubbish. 

1412. — How often should filter beds he cleaned out ? 

Filter beds will require cleaning out after they have been in oper- 
ation for a length of time, varying from one week to six or eight, 
but which will depend generally upon the fineness of the medium, 
and the quantity and quality of the water that has passed through 
it. When clean an ordinary sand filter will require only two or 
three inches head to yield water at about the ordinary rates, but as 
the sand becomes clogged, this loss of head will increase, or if the 
head be maintained constantly, theydeld will gradually diminish. 
Filter beds, especially those worked at a slow rate, will often be 
found to require cleansing before the yield becomes gieatly reduced. 
This will occur mostly with bright water containing suspended 
organic matter which accumulates in the beds, and, in time, has an 
iii 3 urious effect even on the quality of the filtered water itself. 

1413. — r/ the source of supply is very impure — a polluted river y 

for example^ — how may it be purified ^ 

By a preliminary purification by subsidence tanks it may be im- 
proved, and floating matters may be excluded by admitting the water 
into the tank from the river through a submerged sluice. 

1414 - — Do spring tvaters and well tvaters need to he fltei'ed ? 

Usually they are sufficiently clear and free from deposit to need no 
adventitious aid to render them accejitable to the eye, and palatable. 
Indeed, such waters, ivhen clear, are best delivered direct to the con- 
sumers, so as to avoid contamination by exposure and manipulation. 
It is otherwise with waters collected from large gathering areas, 
and with river waters. These both commonly contain so much sus- 
pended matter, and are so much discoloured, as to necessitate a 
preliminary treatment in order to render them clear, pellucid, 
colourless, and free from objectionable deposits. Hard waters, 
especially those from springs, and less often river waters, may also 
be improved in appearance and better fitted for domestic and manu- 
facturing purposes, by being deprived of a portion of their mineral 
constituents before distribution to the consumers. This is best done 
bj: the Porter-Clark process. [Where water, efficiently filtered on a 

22 
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large scale, is distributed direct from the storage reservoirs on the 
eonstant system, the writer is of opinion that it is as a rule best to 
draw the water direct from the main supply pipe, and to use it without 
further filtration. But where the water is supplied on the intermittent 
system, and is consequently stored in housenold cisterns, it is often 
desirable to filter it before use. Also in times of epidemics it is desir- 
able for safty to boil drinking water and filter it beiore use. More often 
than not, perhaps, a drinking water is rendered less pure by ordinary 
filtration ; and nenrly always household filters are placed in most unde- 
sirable situations, such as near sinks, in })antries, near kitchens, etc., 
t.e., in impure atmospheres. Under these conditions the water is apt 
to absorb gases and vapours which give it an unpleasant flavour ; 
and this is more particularly the case when the water is boiled. 
Boiling water when cooled in an impure atmosphere very quickly 
absorbs gases and vapours and thus it is notorious that water 
which has been boiled is not only ver}^ often vapid but ]>ositively 
nauseous in flavour.] 

1415 . — Should water he allowed to pass through the filtering media 

from helow tipwards or from above downivards ^ 

The filter bed is usually filled with water from above by 
flowing it slowly upon the sand either from one point in connection 
with an overflow drain, or from several points on the side of the 
filter. It would be safer and more convenient as regards getting 
rid of the air, to fill it from beloAv by means of the drains there ; but 
if this were done with the uncleaned water it would distribute its 
impurities all through the filter. Whcm the filter has been once filled 
it is not necessary to empty it entirely at each cleansing of its 
surface. 

1416 . — How and when are the filter beds cleaned out ? 

In large works there are always several filter beds, to allow of 
some being cleansed while the others are in use. The sediment 
deposited on the surface of the sand requires to be scraped off at 
intervals, and at each cleansing operation about half an inch of 
surface sand is also removed. A fresh supply of sand is added when 
the depth of the layer is reduced to an extent which threatens to 
impair the efficiency of the filter. It appears that proper filtration, 
4»rried on according to this plan, removes suspended impurities, 
»nd a certain amount of dissolved mineral substances. 

1417 . — How is the snnd kept efficient ? 

Bach filter bed, at short intervals varying with the condition of 
the water, must have the deposit which accumulates on the surface 
cf the sand cleaned off or removed, and while any one of the filter 
beds is undergoing this cleansing process, the other remaining filters 
mtist be competent to deliver the required supply without over* 
•tndning their functions. If, then, there are six niters, five of them 
muit be competent to the full duties of the service, and if ei£^ 
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filters, seven of them must ]je competent to this duty, on the sup- 
position always that not more than one filter will at any time be off 
duty. Should the circumstances in effect render two unserviceable, 
the remainder must have area enough to meet the requirements of 
the case. 

i<kie.-Hotv ia the filtering aand cleansed ^ 

At each cleansing of the filter bed the sand is loosened by forks 
for some fi to 8 inches in depth, and afterwards raked smoothly 
over. 

1419 . — How is the sand tvashed and again rendered fit to 
be returned to the filter bed / 

For washing the sand previously to its rc])la4;emcnt in the 
filter beds, various contrivani'es are used. One is an iron box or 
cylinder open at the to]), and having a false bottom jierforated with 
small holes. The box is charged with the sand to be washed, and 
water under high jiressure is admitted underneath the false 
bottom through the holes in which it rises with great force, boiling 
up as it were through the sand. The agitation thus caused effec- 
tively loosens the dirt from tlie sand, and the former is carried away 
with the water, leaving only tlie clean sand behind. 

hi some works the dirty sand is placed m a hea]) on the sloping 
bottom of a shallow chamber about 10 feet long, 5 feet wide, and 
2 feet doe}). AVater under high jiressure is then directed against the 
heap of sand from a hose ])i})e by the man in charge, until it fiows 
away clear o\er a small w(‘ir at the lower end of the chamber. Two 
chambers are used placed side by side, so as to lie worked 
alternately. 

1420 . — When is ilte snnd which is gradually removed, rejdaced ? 

AVhen the original thickness of 30 inclies of sand becomes 
reduced to 18 or 22 inches it is re])laced and brought u]) to the ori- 
ginal limits. The renewal is usually made once in six months, some- 
times but once a .>ear, as the convenience of the service may permit. 

1421 . — In very had waters how often has the sand to he cleansed f 

In the worst stages of the English rivers a filter bed has to bo 
cleansed once a wtek, rarely ofteiier. The stuff, whether sediment 
or otherwise, intercepted by the filter, is found collected on the 
^jurface of the sand ; in the process of its removal a thin |>aring of 
Band is necessarily taken with it, not exceeding from ^ inch to | inch 
in thickness. The imjiurities carried by the water are not found to 
have penetrated the sand. The paring of sand i| usually cleansed 
and laid aside for future use, except when fresh sand can be pro- 
cured at less cost than the washing of the sand. The thickness of 
the sand bed is allowed to be reduced by these repeated jiarings 
from 8 to 12 inches before it is renewed. 
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1422 . — What ia the effect upon the sand if the cleansing is too long 

delayed ? 

The sand is liable to pack close if the cleansing is too long 
delayed. In such case the weight of the water is felt upon the sand ; 
in the usual state of the filter it is not so felt. 

In all cases it ought to be cleaned or renewed at least every 
three months, and with impure waters much oftener, say, every week 
or every fortnight. 

1423 . — How should water filter he cleansed ? 

All filters when first taken into use require to be washed by 
passing from 10 to 20 gallons of fairly good water through them,, 
according to the size of the filter, as the filtering medium generally 
yields something to water in the beginning. It is also necessary ta 
ensure the removal of dust, Ac., that may be in the apparatus. But 
after a certain time of use all filtering media not only cease to be 
efficient, but even in some instances give up iin])urity to the water 
passed through them ; so much is this the fact that cases of illness 
nave been traced to this source, and some pei sons have thought the 
dangers of filtration were greater than those of unfiltered water. 
There is no doubt that the practice of depending for years upon the 
efficiency of a filter, which has never been cleaned or had its material 
renewed, is fraught with clanger; and there is still danger to be 
apprehended from many of the so-called “self-cleaning” filters,, 
which, in the words of advertisements. “rcMjuire no attention.'"* 
There is a limit to the power of all filtering materials, and no- 
implicit confidence can be placed in any of the methods vaunted as 
“ self -cleaning.” 

1424 . — What are Frank land’s views as to the effects of sand 

filtration ^ 

Frankland has shown that filtration througli sand removes 95 
to 99 per cent of the microbes jircsent in Thames water. 

This sand filter had some effect in lesheiimg the dissolved 
constituents, both mineral and organic, Imt the effect was limited ; 
it stopped organic matter after it had ceased to arrest lime. After 
a longer time it became useless, and required washing. 

Fen-uginous green sand is excellent, for it arrests all organisms 
at first; after thirteen days it arrests 88 jier cent., filtration being 
carried on at the rate of 073 gallons per square foot per hour ; after 
one month there is a reduction of organisms to the extent of 39 
per cent., at a filtering rate of 1*14 gallon per square foot per hour. 
The efficiency of this sand is therefore greater than might have been 
supposed. 

The effect on suspended matters, both organic and mineral, is 
oertainly satisfactory. On dissolved organic matter it is less so. 
Mr. Witt's experiments show only a removal of about 5 per cent. 

Some experiments were made at Netley on a sand filter of 
1 square foot surface, and made in imitation of a London water* 
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company’s filter, viz., 15 inches of fine, well-washed white sand, and 
20J inches of gravel, ^adually increasing in coarseness. The first 
eight gallons were thrown away, so as to avoid the fallacy of 
including the distilled water with which the sand had been washed. 

may the ordumry large filter hed be imitated for 
domestic use ? 

A small sand filter, to which may conveniently be added a 
layer of animal charcoal, capable of removing suspended matters 
and some of the organic impurity may be constructed like a minia- 
ture filter bed, in an oi’dinary flower-pot. 

1426. —Is there any perfect filtering medium ^ 

’riiere is not ; such a material has yet to be discovered. Up to 
the present time no filtering material has ])roved practically avail- 
able on the large scale, ('xcept sand. Various attemjit shave been 
made to use other substances, but hitherto without marked success. 
We will, tlierefore, consider the general features of the process of 
sand filtration as practised at home and abroad. 

1427. — What othe r materials may he employed in the construction 

of filter beds ? 

Magnetic carbide of iron gives excellent results, if covered 
by a layer of sand to intercejit the suspended im})uritie8. It 
must be worked slowly and intermittently, so as to renew the 
aeration. Filter beds of this construction converted the black and 
offensive water of the Calder into a bright and palatable water, 
which was until recently sipiplied to Wakefield. Spongy iron can 
be used on the large scale, but not, of course, intermittently, like 
other filters. A new modification of filtration through iron is known 
as the “ Revolving Purifier.” The “ purifiers ” are c^dinders con- 
taining small loose jiieces of iron, and having many projections from 
the inner surface. Tlieir long axis, u})on which they rotate, is 
horizontal or inclined, and the surfaces of the iron masses inside are 
kept constantly bright and clean by mutual friction. Water is 
passed slowly through the cylinders as they revolve, and is exposed 
to the action of the constantly fresh iron surfaces. After subse- 
quent sand filtration to remove the iron, the purification seems to be 
very complete.* 

CHAPTER XTII. 

Filtration of Water — continued. 

Charcoal as a Filtering Medium. 

1428. — is supposed to be the best and most convenient of all 

filtering media ? « 

Fresh burnt animal charcoal is perhaps the best of all filtering 


*WhiteLEgge’s Hygiene and Public Health, 
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itiedia, and filters chiefly constructed of this material should always 
be used for lead-polluted water-supplies. The experience of Mr. A. 
B[. Allen with the Sheffield waters is to the effect that no other 
substance is nearly so efficacious as animal charcoal for removing 
lead from water. In Maignen’s ‘ Filtre Bapide ’ animal charcoal or 
carbo-calcis and asbestos cloth are used. Vegetable charcoal is far 
less efficacious than animal charcoal as a purifying agent. Seaweed 
Charcoal is perhaps better than ordinary vegetable charcoal. It has 
a great power of freeing water from organic matter, and it does to 
some extent oxidise the organic matter, by virtue of the 0 in its 
interstices, but whether to a greater extent than can be accounted 
for by the oxidation always going on in water ex])ORed to air is a 
debatable question. 

14 : 29 . — How is animal charcoal }wepare(l ^ Wliat are its pro^ 
perties as a filtering medium ^ 

This substance is prepared by calcining crushed l)ones in closed 
vessels ; it is extremely })orou8, and exerts considerable oxidising 
action on di.ssolved organic matters m water, and bleaches colouring 
matters in solution. These proT)ertie.s, however, are evanescent, and 
ra])idly disappear if the charcoal is not cleaned or renewed, e.specially 
if the water filtered through it is somewhat impure. Not only this, 
but the charcoal yields to water jihosphate of lime, of which it is 
largelj’ composed. The pho»j>hate favours the growth of living 
organisms ; so that water must neither be kei)t too long in the 
filter nor must it be stored for use after filtration. Animal char- 
coal has very little action on fresh egg-albumen; it has been 
reasoned from this circumstance, and ])robably with correctness, 
that animal charcoal does not prevent the jiassage of living disease 
germs through its substance. For these roa.sons filters composed 
of animal charcoal, whether in loose fragment.s or in comjiressed 
blocks, are not at all suited for dome.stic use. They require more 
care and attention than any domestic filter is likely to meet with. 

Hegarding animal charcoal, however, the late Professor Pakkk.s 
considered it to be one of the best filtering materials. “The parti- 
cles of charcoal should be well jiressed together, and the ])assage 
of the water .should not be too quick. Contact with the water for 
about four minutes appears sufficient. There is a large (and, if the 
layer of charcoal be deep enough, comjilete) i-emoval of susjieiided 
matters, both mineral and organic ; water even dee))ly tinged comes 
through a good charcoal filter very clear and bright. 8o also dis- 
solved organic and mineral matters are removed by charcoal in the 
first instance. All evidence agrees in respect of that point. But 
then its power is limited, and after a time it ceases to be efficient.” 

1430 .- What are its disadvantages ? 

The charcoal yields to water phosphate of lime of which it is 
largely composed. The jdiosphates favour the growth of living 
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organiems, so that water must neither be kept too long in the filter 
nor must it be stored for use after filtration. Animal charcoal has 
very little action on fresh egg-albumen, it has been reasoned from 
this circumstance, and probably with correctness, that animal 
charcoal does not prevent the passage of living disease germs 
through its substance. For these reasons filters composed of animal 
charcoal, whether in loose fragments or in compressed blocks, are not 
at all suited for domestic use. They require more care and 
attention than any domestic filter is likely to meet with. Neverthe- 
less no less an authority than the late Prof. Parkes considered 
animal charcoal amongst the best of filtering media for domestic 
use. 

If water filtered through it be stored for any length of time, it 
is apt to undergo change for the worse. Organisms begin to develop— 
minute moving bodies and low forms of plants — which render the 
water offensive. It is also observed that water left long in contact 
with the charcoal is apt to take back impurities from it, and ultimate- 
ly to become worse than before. It is, therefore, clear that the oxi- 
oatioii of the organic matter le not complete, and that either minute 
germs may pass through the charcoal, or that it yields to the water 
substance which favour the propagation of genns absorbed from the 
atmosphere. Probably both conditions are at work, the substances 
yielded being phosphates and nitrogen. Another ])oint of great 
importance, bearing upon this jiart of the question, is that fresh, and 
we may say vital, organic matter is only partially arrested by charcoal, 
fresh white of egg, for instance, passing through with considerable 
ease. Charcoal is used either in minute fragments or made into solid 
blocks. Both act well, with the above limitations ; but the looser 
form appears to be much the better of the two, as the blocks ai^e apt 
to clog, and require a good deal of cleaning and attention. 

1431 . — is ihe most important defect in tJie use of all 

charcoal filters ? 

The groat defect of all forms of charcoal filters is that they 
speedily become inefficacious, and the charcoal must be frecjueiitly 
renewed or reburnt, else the fouled charcoal will, as Dr. Franklanu 
has showui, actually increase the amount of organic im])urity in the 
water. Block-carbon filters (moulded carbon blocks) do little more 
than remove gross suspended particles, are not to be too much 
relied on, and should not be used except when no better filter can 
be found, as by the soldier on the march, to whom a small suction 
filter is invaluable. 

1432 . — TF/ia< /o?-m of charcoal is heat for filters and what are the 

defects of charcoal filters ? 

Animal charcoal is the best, but its power is exhausted in from 
two to three months, when it docs harm." It deals with some im- 
purities only, minute vegetable formations (spores) are unaffected. 
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1433 . — What ia the basis of most domestic filters ? 

Granular charcoal fused or made up of silica, charcoal, etc., into 
solid blocks. 

1434 . — is the disadvantage of these blocks ? 

They soon get clogged with organic matter, the effects are not 
lasting, they require to be often cleaned, dried, heated, etc., or 
renewed. 

1435 . — How may they he cleaned ? 

By washing them with strong acids 'such as hydochloric or 
sulphuric, and afterwards with permanganate of potash solution. 

1436 . — is the best animal or vegetable charcoal for filtering 

purposes ? 

Animal. 

1437 . - W/ia/ a/re its advantages over vegetable charcoal ? 

It is said to last longer, continuing to act well for 2 or 3 months, 
after which it causes deterioration rather than improvement in 
the quality of the water. 

1438 . — Does it remove all impurities ? 

No : it deals only with certain impurities : minute vegetable 
organisms, and especially spores are saia to be unaffected. 

1439 . — JTote may we purify charcoal after it has been u^ed ? 

By boiling it with hydrochloric acid — this destroys any con- 
tained organic matter and dissolves earthy salts. 

1440 . — TF/iae are the chief objections to the use of charcoal as a 

filtering medium ? 

It soon loses its ])ower, it is expensive (e8j)ecially if used on a 
large scale). Animal charcoal soon gets clogged if the water contains 
much organic matter and then yields to the w ater the impurities it 
previously removed. 

1441 . — JEfow is it prepared for filters ? 

It is made into blocks. 

1442 . — IF/iat are Us two chief defects usually met with ? 

As a rule it is insufficient in quantity ; the blocks are too small 
for the amount of work demanded of them ; and (2) it is liable to 
clog. 

1443 . — What may he said in regard to the use of block filters ? 

Block filters are generally undesirable but if used, they may 
be cleansed by carefully brushing the surface, pumping air in the 
reverse way, and treating with permanganate as above described. 
They are of various sizes, from small pocket filters to large-sised 
domestic filters delivering 30 to 50 gallons a-day. The pocket filters 
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are useful as strainers, but their small size must make the duration 
of their oxidising power comparatively short. They ought to be 
frequently brushed and washed in clean water, with permanganate 
if possible.* 

The best and apparently soundest carbon blocks may be traversed 
by flaws, or there may be crevices between the block and the sides of 
the filter which permit more or less of the water to pass through 
without oxidation of its organic impurities. All filters should there- 
fore be tested by introducing a quantity of the finest animal charcoal, 
previously freed from lime by treating with strong hydrochloric 
acid, and stirred up in a large quantity of water. 

1444 . — In v)ho>t other way may block-Jiltera fail ? 

The}* may crack or fissure, and then allow the water to pass 
through unfiltered. 

1445 . — Which filter 8 clog most and which least ? 

Those in which the filtering material is dense and compact and 
in which the i)articleK of the filtering medium are iii close juxta- 
position. Those filters dog least where the filtering material is 
least, and the particles are small. 

1446 . — • the result of Dr. Peucy Fra.nklvnd’s investi^ 

gation in connection with the tise of charcoal as a filter^ 
ing medium ? 

Thinking that an examination of charcoal, which had been in 
use for some time as a filtering agent, might throw some light on 
its real function as a purifier of water, he obtained from the 
London Purifying Company samples of charcoal from a No. 4 filter 
which had been in continual use at a house in 8t. George’s Square, 
Pimlico, for the month of November 1865 to the time when samples 
were taken out of it for his enquiries, that was for a period of exactly 
two years ; so that about 292,000 gallons of water had passed 
through it. Now it a])peared to be a matter of great importance 
to ascertain whether the filter still had the jiower of purifying 
water, and whether it contained any notable ({uantity of organic 
impurity locked up in the pores of the charcoal. He therefore ex- 
amined the capabilities of tne charcoal as a purifying agent, and he 
found that when water supplied by the East London Water Com- 
pany was filtered through the charcoal at such a rate that there was 
about 3 minutes’ contact, the water was not merely deprived of its 
colour, as shown by examination of it in a two-foot tube, but it was 
also deprived in the usual way of organic matter. This he ascer- 
tained by the })erraanganate test and by distillation with caustic 
potash. It was evident that the charcoal still acted as a purifying 
agent. He next examined the charcoal for organic impurity, for if 
it had been removing organic matter from water at the rate of only 
:a-tenth of a grain per gallon, it ought to have contained within its 
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pore« a very considerable qjuantity, not less than 4 lbs. of organic 
matter. Br. FfiAifKLAND said he had passed some of the London 
water through a stratum of animal charcoal, three feet thick, at the 
rate of more than 41,000 gallons per square foot in 24 hours, under 
a head of 30 feet. The charcoal was in granules, like coarse saw- 
dust, and in the above-named instance more than one-half of the 
organic matter in the water was removed ; and, on reducing the rate 
of passage of the water to one-half, one-fourth, or one-tenth, the pro- 
portion removed was scarcely increased. It ap]>eared, from experi- 
ments, that wood or other vegetable charcoal is inert in its action 
on organic matter in water. 

In the discussion of this paper, Br. Leatweby said that a culiic 
foot of animal charcoal weighing from 50 lbs. to 52 lbs., held within 
its pores four gallons of water, and that he had found l)y experi- 
ment that it was necessary that the water, to be purified, should 
remain in contact with the charcoal for at least one minute. In Mr. 
Btrne’s experiments the time had been two-and-a-half minutes. It 
was stated that the rate of filtration through the filters of the Water 
Purifying Company is 400 gallons a day, through a filter containing 
80 lbs. of charcoal. 

This was found to be the result of passing water through a 
thickness of five inches of animal charcoal of a degree of fineness 
similar to that used in sugar refineries, according to a paper read at 
the Institution of Civil Engineers, in 1867, by Mr. Edward Byrne. 
The experiments Mr. Birne made were not considered conclusive of 
the case, for there seemed to have been some peculiar projierty in 
the water ; but, however that may have been, the i*xperiments cer- 
tainly did show that, after a certain quantity of water had passed 
through the filter, the remainder was in worse condition after than 
before it ])assed through. 

The purification of water passing through any filter bed takes 
place by reason of two separate actions upon it, first, by strainmg 
out of it the solid matter in suspension, and, secondly, by bringing 
the oxygen of the atmosjihere to act upon it so a.s to change any 
decaying organic matter which it may contain in solution into 
inorganic and harmless substances. The best filtering medium, 
therefore, is tliat which at once excludes from its pores suspended 
solid particles and exposes the dissolved organic matter to the 
largest jiossible amount of atmo.splieric air. Fine sand, by reason 
of its heaviness, lies too compactly in its body to comply with the 
latter requirement, while in its surface it is too porous to exclude all 
suspended matter. On tlie large scale this is a matter of no practical 
inconvenience, because, although the solid matter may not be 
altogether arrested on the surface, but may penetrate the sand to the 
deptli of an inch or two, it is (msUy removed by r^ular attention, 
but the case of a small household niter is quite diuerent ; here no 
such regular attention is given, or could practically Ije given, to re- 
move the solid material and replace it from time to time with fresh 
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material. Some substance, therefore, must be used which is closer 
in its texture on the surface and more open in its body than a sand 
bed is. Charcoal is a very porous substance, but the difficulty i» to 
make the water })ass through the pores ; for when the charcoal ia in 
the form of lumps, however small, the water passes through amongst 
the interstices of the lumps or granules and not through their pores,, 
thus coating the surface of each lump or granule with the impurities 
of the water, and for a time, therefore, depriving the water of them, 
but afterwards allowing it to jiass through unpuritied, and even, 
after further use, giving olf to it part of the accumulated impurities 
of the water which had ])reviou8ly passed through. 

1447. — the vnrioue exfperimenis recently perfbrmed aum- 

marise the dieodrantges of charcoal ^ 

1. It fails to filter off the smaller micro-organisms of water* 
which pass over into the filtrate. 

2. Fresh egg-albumen ])asses through and over it quite un- 
changed. 

3. The charcoal yields to the water phosphate of lime of which 
it is largely composed. The phosphates favour the growth of the 
living organisms. 

4 . After a certain j)eriod the charcoal gives back the impuri- 
ties it previously abstracted ; it is then a storehouse of impurities 
which may sometimes he of a dangerous charactei*. 

1448. — Name another method in which charcoal has been used in 

the purification of water ^ 

By charring the inside of casks. This is an effectual plan, and 
Berthollet considered it more effectual than the immersion of pieces 
of charcoal ; the charring can be renewed from time to time. 

1449. — What are the best filters made of ^ 

Animal charcoal, magnetic carbide of iron, sjiongy iron, polarite, 
carbo-calcis. They are capable of removing almost all the suspended 
matters, and at least 40 per cent, of dissolved organic impurities, 
together with a considerable amount of salts, such as calcium carbon- 
ate and sodium chloride. 

1450. — Are those properties of animal charcoal as a filtering 

medium lasting ? 

No; they are evanescent and rapidly disappear if the charcoal 
is not cleaned or renewed, esjiecially if the water filtered through it 
is somewhat impure. 

1451. — What material is most frequently used in domestic filters 

and in what forms is it used ? 

Carbon is the commonest of all filtering media, and animal 
charcoal is believed to have a far greater purifying effect than vege- 
table charcoal. Many efficient patterns of filters arc made essen- 
tially of animal cliarcoal ; others, equally good, deiieiid upon Silicated 
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carbon, manganous carbon, or “ careferal ** (charcoal, iron, and clay), 
Maignen’s “ Filtre Kapide has no carbon block, but the water is 
made to pass through a mixture of powdered charcoal and lime 
{carbo-calcis) supported upon an asbestos cloth ; like other animal 
charcoal filters, it seems to have the power of removing lead. 
Magnetic carbide of iron is another eflBcient medium. 

1452 . — How do charcoal filters affect the micrO'Organisvis con^ 

tained in the waiter ? 

Micro-organisms are removed for the first week or two by sand, 
especially the green ferruginous variety of sand (P. FRA^^KNLAI)). 
Dissolved mineral matter with lead and sodium chloride are removed 
when the sand is in thick layers and cleansed fre^^uently ; colour is 
lessened, and oxidation of organic matters may take place. 

Domestic Filters. 

1453 . — T^;^a/ are the chief varieties oj filters in the market ? 

The filters in the market are vm-y numerous, but the most im- 
portant are the following : — 

1. Those containing animal charcoal in granules or powder. 

2. Animal charcoal compressed into blocks by admixture with 
silica and other substances. 

3. Spong}' iron filters. 

4. Magnetic iron filters, 

5. Those containing other substances of a nature chiefiy 
mineral .♦ 

With regard to the use of domestic filters, we should remember 
that nothing short of intelligent personal sup€Tvision will keep them 
working properly. Servants are too ajiathetic in such matters to 
attend to the required details. 

1454 . — Enumerate some of the more common forms of domestic, 

filter ? 

1. Silicated carbon filter. 

2. Spongy iron filter. 

3. Purified animal or vegetable charcoal filter. 

4. Magnetic carbide of iron filter. 

5. Polarite filter. 

6. Carbon block filter. 

7. Maignen’s Filtre Rapide. 

8. Ordinary sponge filter. 

14:55.— What materials are most efficient filtering media for small 
filters ? 

For domestic filters the following materials are much more 
-efficient than other media .-—Spongy iron, magnetic carbide of 
iron, polarite and carferal ; this latter substance being a mixture of 
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iron, charcoal and clay; animal charcoal and its various combina- 
tions with silica. 

1466. — are the chief effects of filtration ^ 

Removal of suspended matter, partial oxidation of dissolved 
organic matters ; many filters also remove some of the dissolved 
saline matters such as ammonia, nitrites as well as NaCl, CaCOg, 
CaSO^ and MgSO^, thus diminishing their hardness. 

1467. — are the nitrates affected hy filtration ? 

They may be increased by the oxidation of nitrites. 

1468. — iiTow; may filtration of pipe water he carried out directly ? 

By tap-filters, by ])lacing small filters for home use in the 

course of the delivery pipe or they may be connected with the pipe. 
These are suited for high or end pressure. The filtering medium is 
usually charcoal or silicated carbon. One or two patterns act with 
moderate efficiency, but the small quantity of the filtering medium 
must necessarily militate against the ])ermanent efficiency of any 
such filtei*. 

1469 —How may we classify domestic filters ^ 

Household filters may be divided into three vlsniaea: first, those 
of small size, intended to be attached to the faucet, whore the water 
is brought in j)i})es either from the service mains of a general supply, 
or from a tank in the building; second, the jiortable filters designed 
to occupy a more or less jiermanent position, and to be filled with 
water, eitlier by a ball-cock or other similar arrangement, or by 
means of smaller supplies continually renewed , third, the more 
permanent and fixed devices which are inserti‘d or built into under- 
ground or other cisterns. 

1460. — What may be said as reyards the efiiciency of filters 
connected with the xcater-iap '^ 

Filters which are made to be attached to water-taps, cannot 
practically do anything more than act as mechanical strainers and 
arrest all susiiended substances which may be in the watei*. There 
is no matcTial knowm w hich can be introduced into the small space 
of a ta})-filter and accom])lish any real purification of the water 
which passes through at tlie ordinary rate of flow. Of all the 
]iatent contrivances which have been proposed, there is probably, 
after all, none better than the form wdiicn has been in use for many 
years, which is filled w ith clean quartz sand, and is capable of 
being readily reversed and thus cleansed. Even animal charcoal in 
the q^uantity which admits of being readily attached to a faucet, has 
no advantage over such a filter. 

It is proper to say in this connection that in case the water is 
delivered by service pipes from a general supply, it is not necessary 
that the filtration should take place at the faucet, for most of the 
materials used for filtration can be obtained arranged in filters of 
large size intended for insertion in the house service. Of course^ 
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ihe objection to this arrangement is the expense and the liability 
that when the filter has been once inserted, it will bo dismissed from 
mind, and proper care will not be taken to maintain it in efficient 
condition. 

1461 . — On the whole wind is the best jiliering material for house- 

hold filters^ ahxd whut conditions are necessary to make it 
efficient ? 

On the whole, there is no better substance for ordinary house- 
hold filters than animal charcoal. The charcoal should be renewed 
from time to time ; how often, w'ill depend upon the character of the 
water and the amount passed through the filter. If the coal be in 
blocks, the clogging of the pores will indicate the necessity for 
cleaning ; if in granules (which on many accounts is jireferable), it 
may be well to renew the charcoal once in six or twelve months, 
according to the amount of water used. In the case of a filter 
fixed with some permanence, it is w'orth while to have made a simple 
chemical examination, if there is reason to siisjiect the efficiency of 
the filter : this will indicate whether the work is still Ix'ing properly 
peilormed. It is true in the case of these, as of filters, in general, 
that unless attention is jiaid to them, and the} ar(‘ cleaned at pro])er 
intervals, their presence is w'orsc than useless. 

1462 . — What filters fid fd all the requirements of good household 

filters ? 

The filters which fulfil these conditions the ])i‘st ari* the spongy 
iron carferal and magnetic oxide and carbide ol iron. 

1463 . — Should filters he placed inside cisterns ^ 

No; in such positions they are neglected, their very existence 
being sometimes forgotten with the result that they become exces- 
sively foul and jiollute the water they are intended to purif3\ 

1464 . — What are the objections to cisterns and pipe filters ' 

They are too small for the demand. 

1465 . — How may they he employed '^ 

By attaching to an ordinary larg^i filter to the supjilj" pi])e and 
fitted with a ball-cock and self-feeding valve. 

1466 . — Describe a good form uf tap filter recently invented. 

A ta]) filter (“ the Gum”) has recently been brought out by 
a firm at Leeds, which consists of a small chamber containing finely- 
divided quartz. It can be fixed to most taps easily, and it is rever- 
sible, so that w hen the water has jiassed through it for some time in 
one direction, it can be turned round, the object being to remove the 
deposit that has occurred in the meantime, by reversing the direction 
of the current. Tliis little filter is said to answer the purpose for 
which it is intended very well, but it must be remembered that the 
only effect it can have is purely a mechanical one, and for tbal^ 
reason, it is a question whether its use ought not to be discourai^ 
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on account of the false security it may convey to the minds of the 
public. 

1^7.— What are tlie disadvantages of filters placed in risterns ? 

PilterH permanently fixed in cisterns are objectionalile, as their 
existence is liable to be forgotten, an consequently, they are neglect- 
ed and little likely ever to be renewed or cleansed. 

The result is they become excessively foul and defile the water 
they are intended to j)urify. Small filters attached to service 
pipes are useless for the purjiose for which they are intended, as the 
medium is in such small bulk, that the water is long enougli in con- 
tact with it to allow any purifying effect to take jilace It has been 
stated that such filters, if the filtering material be animal charcoal, 
will remove lead from water to some extent. 

Prom the above it is obvious that all filters in which the 
medium is permanently sealed up ought to be discarded, and it must 
be remembered that all so-called self-cleansing filters are a myth. 

1468 . — What precaution should he taken eve^'y now and then in 

the case of permanent cistern filters ? 

In the case of a filter fixed with some jicrmaiieiu'e, it is worth 
while to have made a simple chemical examination, if there is 
reason to susp(‘ct the efficiency of tlie filter ; this will indicate 
whether tin* work is still being properly jierformed. It is true in 
the case of these, as of filters in general, that unless aticaition is paid 
to them, and they are cleaned at pro})er intervals, their presence is 
worse than useless. 

1469 . — Enume) ate the substances used as filtering media ^ 

As filtering media various substances are lu^ed, such as animal 
or vegetable charcoal, a mixture of fiiu‘ silica and charcoal, magnetic 
carbide of iron, polarite,” careferal, s})OTigy iron, “ carlm-calcis,” 
various comhinatioiis of these agents, sponge, cotton wool, &c. 

1470 . — IF/iai! is the most common filtering medium used ^ 

Carbon is the commonest of all filtering media ; and animal 
charcoal is believed to have a far greater juirifying effect than 
vegetable. Many efficient jiatterns of filters are made essentially 
of animal charcoal ; others, e(pially good, depend upon silicated 
carbon, manganous carbon, or “ careferal ” (charcoal, iron, and 
clay). Maignen’s “ Piltre Rapide” has no carbon block, but the water 
is made to pass through a mixture of powdered charcoal and lime 
(carho-calcis), supported upon an asbestos cloth ; like other animal 
charcoal filters, it seems to have the power of removing lead. 
Magnetic carbide of iron is another efficient medium. [Bischoff’s 
spongy-iron filter, besides removing the organic matter, lessens the 
hardness, and often reduces nitrates to ammonia. Chambkrla.ni)’s 
filter is made of unglazed porcelain, through which the water is 
forced under the pressure of the water pipes.^] 
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1471 . — What forms of domestic filters are largely u^ed ? 

Silicated carbon and manganous carbon block filters are almost 
universally used. They consist of animal charcoal compressed into 
blocks by admixture with silica or manganese. They do not yield so 
much phosphate of lime to water as the pure animal charcoal filters ; 
but they tend to become coated with a layer of organic matter 
which clogs the open pores. 

1472 . — What are the principal forms of filters in use ? 

1. Animal charcoal. 

2. “ Careferal” (charcoal, iron and clay). 

3. Maignen’s (powdered charcoal and lime supported on 
asbestos cloth.) 

4. Spongy-iron. 

5. Unglazed porcelain. 

1473 . — With regard to speed of delivery during filtration talulate 

the result of experience in animal charcoal, silicated 
carbon, and spongy iron. 

As regards ra])idit^ of delivery, animal charcoal and careferal 
have the advantage over spong}' iron and block filters in the follow- 
ing ratio : — 

1. Animal charcoal, C Water runs through fairly well purified 

2. Careferal, \ in 2 i to 4 minutes. 

3. Silicated carbon, average exposure, 15 minutes. 

4. Spongy iron, „ „ 22 „ 

1474 . — Which form of filters give most rapid delivery of water ^ 

Tlic filters formed of loose particles give a more rapid delivery 
of water than the s|)ong 3 * iron and block filters. 

Regarding such filters the late Professor Parkes stated : — This 
is an objectionable plan, and ought to be abandoned. Pipe filters 
are those which are placed in the course of a hu])ply pipe, and tap- 
filters those which are fitted on to a deliver^' tap. The objection to 
most of those filters is that that the}' are generally much too small 
for the work exjiected from them, as the}' are usually represented by 
a small c^'linder of block carbon or a few ounces of animal charcoal. 
For proper filtration the only way is to have a full-sized filter 
attached to the supply pijie, with a ball-cock or similar apparatus for 
filling it. The object is of course two-fold, — first, to ensure that all 
the water drawn shall be filtered; and, second, to save the time 
required when the filter has to be filled by hand. 

1475 . — What filters best fulfil the co^iditions requisite in a good 

filtering medium ^ 

Those which are composed of spongy iron, careferal, magnetic 
oxide, and carbide of iron. 
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1476 . — What i$ silimted carbon ? 

It is the residue left after the distillation of bituminous shale — a 
coke mixed with mineral matters — ^two of carbon and one of mineral 
matters. 

1477 . — Describe the “ Silicaied Carbon Filter.'* How does it act T 

The “ Silicaied Carbon Filter" is held in high repute and consists 
of compressed blocks composed of carbon, silica, aluminia, and iron. 
It removes organic impurities, colouring matters, and especially lead 
in solution. At the same time the water is softened. New blocks 
are easily fixed to replace the old ones. The period of their activity 
is said to be about three years, but it would be dangerous to trust to 
the potentialities of a single block for such a prolonged period. The 
same objections as are made against all block filters hcSd good for this 
one. [The compressed blocks used in this filter are composed of carbon, 
silica, aluminia andiron. They remove organic impurities, colouring 
matters, and especially lead in solution. They likewise soften the 
water. They are said to be efficient for from 3 to 6 years. New blocks 
are easily made to replace the old ones. This filter enjoys a good 
reputation. All block filters, however, are liable to crack or fissure 
and to allow unfiltered water to pass through.] 

1478 . — IF/iat are the silicaied carbon and manganous Ci^rbon block 

filters ^ 

They consist of animal charcoal compressed into blocks by 
admixture with silica or manganese. 

1A79.— What are their advantages and disadvantages ? 

Tliey do not yield so much phosphate of lime to water as the 
pure animal charcoal filters, but they tend to become coated with a 
layer of organic matter which clogs the open pores. 

1480 . — Of what does the filtering block of the Silicaied Carbon 

Company filter consist ? 

Of 75 per cent, of charcoal and 22 of silica, with a little iron 
oxide and aluminia. 

1481 . — How are silicaied carbon and charcoal block filters cleaned? 

Carbon and sUicated carbon block filters are cleansed by 
thoroughly brushing the surface. Alter this they should be replaced 
and two pints of diluted Condy’s fluid (1 — i parts of water) allow- 
ed to pass through the filter. Then about 2 or 3 gallons of boiled 
and filtered water containiim an ounce of muriatic acid should be 
passed through the filter. Iinally pure water should again be used 
to wash away the taste of the drugs used. The filter is then once 
more fit for use. 

23 
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14:82 . — WhcU ohjectiona may be raised against the majority of 
silicated carbon and charcoal block filters ? 

That there is not a sufficient quantity of the filtering material* 
they are liable to clog from accumulated organic and other matters, 
and lastly they maj^ be split, fissured or cracked and so permit of 
unfiltered water passing through them. 

1^M3 . — Describe the improved granular charcoal filter. 

The Improved Granular Cha/rcoal Filter is an excellent form of 
filter. Its construction is simple, and its action efficient. The 
filtering medium is granular charcoal. [Almost all the different kinds 
of charcoal filters act efficientlj^, and indeed the same may be said of 
nearly all domestic filter media, when properly attended to.] 

1484. — Name some useful portable or pocket filters that may be used 

when travelling. 

When travelling, particularly in jungle districts, the small 
“ Pocket Silicon Carbon Filter,** “ Portable Carbon Filter,** or the 
“ Stone Bottle Filter ’* is very useful. With regard to the latter, when 
in use it is placed in a large-mouthed vessel containing the water to 
be filtered. The water should be allowed to stand for a while before 
immersing the filter. The water filters through the porous walls of 
the bottle into the interior chamber. The filtered water thus pro- 
vided is usually potable. 

1485. — Describe the “ Magnetic Filter." 

In this the filtering medium is magnetic spongy protoxide of 
iron, combined with a small proportion of carbon, forming what is 
known as magnetic protocarbide of iron. Its chemical activity has 
not been found to have diminished after more than twenty years* 
use. It does not easily become clogged. 

1486. — What is the principle of Col. Cue ask’s Service Filters for 

land and sea ^ 

The principle of them all is a filter of strong durable material, 
which yields nothing to water, space for a large quantity of filtering 
material, and a rapid delivery. The small filters may be earthen- 
ware or iron, the latter being protected internally by a patent 
cement ; — the larger tanks of iron protected in the same way.* 

Col. Crease, C.B., Royal Marine Artillery, has arranged some 
excellent forms of filters, both small, for barrack, hospital, or ambu- 
lance use, and large tanks for ships or for large bodies of men on 
shore, 

Oa/rbalUe is now employed. By using a large quantity of the 
material, with a rapid delivery, a storage reservoir becomes unneces- 
sary. 
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1487 . — Describe Col. Crease’s Patent Tank Filters. 

1 . The tank is made of iron, lined with cement and is divided 
into three chambers. The two filtering boxes which it contains are 
filled with pieces of animal charcoal, one may be filled with 
■animal charcoal and the other with sand and gravel. The upper per- 
forated plates of the boxes are moveable, so that by means of screwed 
marking on rods attached to the fixed under plates, which are also 
perforated, the filtering media may be lessened or compressed to any 
extent according to the degree of impurity of the water. The water 
descends through one box into a small chamber at the bottom of the 
tank, which retains any deposit and then rises through the second box 
into the reservoir which contains the filtered water. The whole of 
the apparatus can be readily unscrewed, taken to pieces, and cleans- 
ed out when necessary, the joints being made water-tight by gutta- 
percha bands. Smaller filters on the same princi])le have also been 
patented by Col. Crease. It is know n as “ Cue vse’s Patent Tank Filter ” 
and is manufactured by Mr. Bellamy, of the Tank-w'orks, Mellmall, 
London. It is now largely used in the navy and is specially suitable 
for large buildings, such as as3dums, work-houses, etc. 

1488 . — ]Vhat maybe said in favour of Co\. C’re vse’s Patent Tank 

Filter ? 

Tiiat for sim])licit3" construction, adaptability to different kinds 
of water, rates of supply, and for efficieiKy, it can scarcely be im- 
proved u])on. 

1489 . — Mention a small domestic filter in muck favour. 

f)nc consisting of two glass vessels — the up]ier containing a 
filter-block of comjiresscd charcoal and the low er, which can be us('d 
as a wmter bottle, the filtered water. 

1490 . — ^scribe a common form of filter in use in India. 

Domestic filtration can be readily carried out in all households 
in India. A simjile form of filter is made by suspending three earthen- 
ware chatties, one above the other, in a triangular wooden frame, 
llie top chatty iske})t half full of clean charcoal, the middle one half 
full of sand. Into the lowest one, the filtered water drops and is 
collected. A small hole is to be made in the bottom of the two upper 
gurralis. The lower two should be covered wuth jierforated eartnon- 
ware plates, and the u})])ermost one with an unperforated cover. 
These exclude dust, and jirevent birds, scjuirrels, mosquitoes and 
other insects finding access to the water. An arrangement of this 
kind keeps the water cool and pleasant, and permits of free admix- 
ture with air, thus removing the unpleasant and insipid flavour given 
by boiling if this has been previously carried out. Every two months 
the charcoal should be thoroughly washed, brushed and dried in the 
sun ; or fresh charcoal should be used. Tire use of an oven for this 
drying process is convenient and very effective. As the active part 
of the sand in filtration is the upper half inch or so, this should bo 
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removed every four weeks, thoroughly cleaned and relaid, and ©very 
three months the entire quantity changed. There are many points 
in favour of this form of filtration if properly carried out. It is simple, 
inexpensive, easily constructed, and reliable, the filtering media can be 
easily got at, cleaned, or renewed. The materials for its construction 
can be obtained in any village. To be efficient, however, it must be care- 
fully attended to. The covers must be kept on to exclude dust, bird 
droppings, mosquitoes, insects, etc. A clean vessel must be used in 
removing the water for use, and water should be removed from the . 
lowest gurrah only. The hheeatie if not watched may empty his 
muMeach into the lowest or middle chatty, to obviate the trouble of 
reaching the upjiermost one.* [We may here mention with regard to 
the domestic supply of water by hand that when bheesties’ mussacks 
or pakals are in use, they add their quota of impurity. It is not easy 
to keep these bags clean and free from the ])os8ibility of polluting 
water. We have frequently seen mussacks ripped up, or cut into 
with the object of examining the interior, and almost invariably we 
found them lined with a thick layer of slimj" organic matter. Besides 
the bheestie is not always particular as to whence he fills his bag.f] 
1491 . — Describe the Chamberlaxd-Pasteuk 

It is a porcelain cylinder through w hich the w ater is forced. It is, 
perhaps, the best of all dome.stic filters. Its construction is very simjile, 
for it merely consists of five or six tubes or cylinders of fine unglazed 
biscuit porcelain or earthehw’are, which may be screw'ed on to the ser- 
vice tap, when the pressure of the water will force the fluid through the 
])ores of the porcelain, and a fairly ra])id rate of filtration results. It is 
most efficacious in removing even the finest suspended jiarticles, for 
even the bacilli of anthrax and their sjiores are by it ett'ectually re- 
moved from water. This filter acts purely mechanically. It appears 
to be inefficacious for the removal of lead from waters. The Bui*face 
of the porcelain tube in a short time becomes covered w ith a slimy 
coating, even w'^hen an apparently clean water is filterd. This coating 
is, how^ever, readily and quickly removed by removing the tube and 
l)rushing it, or by washing it with hydrochloric acid. The water 
which has passed through this filter is sterilised. The filter is em- 
ployed for laboratory purjioses where w'ater in a state is required 
chemically pure. The bottom of the cylinder is connected with a 
water-main under pressure, the water issuing from the top. 

In this filter the water, under pressure is passed through five or 
six solid porous earthenware cylinders. The filtered water is 
entirely freed from all susjiended matters, including all kinds of bac- 
terial organisms and their sfiores. The water is therefore sterilised, 
but the filter acting merely mechanically, there is no alteration in 
the chemical composition of the water. The filter is employed to 
sterilise pure waters for laboratory purjmses where the water is 
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chemically pure. The bottom of the filter is connected with a main 
under prensure, the water issuing from the top. 

1492 * — Describe Matgnen’s “ Filtre Bapide.’' 

The filter consists of a perforated hollow frame, covered 
with asbestos cloth, and fitted into a tinned iron or copper case. 
At the bottom of the frame is the outlet tube, wliich passes through 
a hole in the case, and to it is screwed the tap, thereby fixing the 
frame in the case. An air tube passes up through the frame, over 
which at the top is placed a perforated screen. 

Tu the “ Filtre Bapide ” (Maionen’s patent), otherwise called tlie 
“ Oarbo-calcis Filter,”* the active filtering agent is })urified animal 
charcoal intimately combined with pure insoluble calx. It is rapid 
and effici(nit in its action, and at the same time very convenient to 
use in purifying water from organic matter, ammonia, lime, sul- 
phuretted hydrogen, iron, lead, and most of the mineral poisons, 
it practically removes all the suspended matter. It is said to 
have some influence in removing bacteria. It reduces the perma- 
nent hardness of water. The filtering material should be renewed 
every three months or oftener, os})€‘cially if the water is of suspicious 
quality, or drawn from shallow wells. All })arts of the filter are 
accessible, and the asbestos cloth, uiion which the filtering medium 
rests, may be heated to redness and so efficient!}" purified when foul. 

The powdered animal charcoal, or other filtering medium, is laid 
over the strainer. The delivery of water through this filter is very 
rapid, and the asbestos and powder (‘an be easily renewed at very small 
cost. This filter on the whole is one of alm<3st perfect construction and 
after the first or initial (expense, its working costs practically nothing. 
It is easy to manage, is not likely to get out of order, and can add 
nothing in the shape of impurities to the water. 

X493 . — Hoic should M vignen’s “ Filtre llapide ” he cleansed ^ 

Unscrew the ta}) at the bottom, remove the sci-een at the top, and 
lift the frame bodily out of the iron case. The asbestos cloth can be 
cleaned without being taken off the frame, either by directing a 
stream of water on it, or brushing with the soft brush, or cloth ; but 
great care must be taken not to injure or tear it by rough handling; 
should it be injured, a new cloth can be substituted. Replace the 
frame as before, and resume filtering by again first using some of 
the carbo-calcis as above directed ; it will be necessary also to clean 
and begin filtering with fresh carbo-calcis should the filter have 
been laid aside or not used for some time. Should the asbestos 
cloth become very dirty it can be untied, taken off the frame and 
roasted before a fire, to which it can be put close without fear of 
burning ; it must be carefully reapplied. 


* This is the trade name given by the patentees to the material used as the 
filtering medium. Other media, however, may be employed, such as granular or 
fine oharcoal placed over the asbestos cloth. 
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1494 . — How should Maignen’s “ Filtre Bctpide ” be used ? 

The filter may be used either on or off an animal’s back, on the ^ 
ground, on a box, or attached to a wall, cart wheel, board, etc. 
In filtering, first nearly fill the filter with water, and then mix one 
or two packets of the carbo-calcis in a bucket of water, and pour it 
into the filter over the screen ; next open the tap, and place a bucket 
under it ; at first some of the carbo-calcis will come through, and 
so long as it does so, simply return the same water again into the 
filter ; in a very short time the finely-powdered carbo-calcis coats 
the asbestos cloth all over, forming thereon a perfect layer. The 
water will then come through pure and fit for use ; and once this is 
established it is unnecessary to ]mt in any more carlx>-calcis, or touch 
the filter probably for a week or more, during which time it will filter 
constantly with a good flow. If the flow materially slackens, how- 
ever, it is a sign that the filter requires cleaning, and the frequent 
necessity, or otherwise, for that will of course depend upon whether 
the water used is comparatively clear or muddy. On the line of 
march, and after u.se, the filter should be allowed to empty itself com- 
pletely by the tap. It is not intended that water should be carried in 
the filter. If the filter after use is not to be again used for some 
time, it should carefully be dried before being put aside. 

1495 . — IT/ia/ i$ the advantage of the ashestoa ^ 

It forms an excellent strainer, and can be heated to redness, so 
as to destroy all organic matter, as often as necessary, and be re- 
placed. In the original ] latent, canvas clotli was used instead of 
asliestos, but it was found that it rotted and imfiarted organic impu- 
rities to the w ater. 

1496 . — What ie spongy iron ^ 

Spongy iron is a granular substance, very porous, and resembles 
animal charcoal in appearance. It is obtained from hiematite iron 
ore by calcination. 

1497 . — DiscusH the question of its nscfulncss as a filtering mod him ^ 

Tlie spongy iron which forms the filtering medium of B]s( uoff’s 
]) atent filter is obtained by roasting ha3matite oi'e, reduced with- 
out fusion at a low' temperature by means of carbon, and thus rendered 
vesicular or R[>ongy. It acts both mechanically and chemically. It is 
exceedingly successful in oxidising organic impurities. It has the 
power of destroying miscroscopic vegetable organisms, but many 
authors assert it does not remove them. It has been proved e.\]>eri- 
mentally by Fkankland that living bacteria or their spores in water 
are destroyed by contact with spongy iron. Tliis is certainly true 
with regard to the bacteria of putrefaction, but whether it is so w'ith 
regard to the specific germs of disease has not yet been proved. Until 
recently spongy iron was the only filtering substance know'u that 
destroys the bacterial forms of life. It removes load. It also removes 
the inorganic and organic matter in solution, and in this respect is 
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about equal to charcoal. But unfortunately animal charcoal has 
exactly the opposite quality with regard to bacterial' life to that pos- 
sessed by spongy iron. S})ongy iron removes lead in solution, and 
reduces the hardness of the water. After the experience of four or five 
years, its purifying action remains unaffected ; but it is recommend- 
ed that the filtering medium should be renewed about once a year. 
One condition of its use is, that it should be always covered with 
water to prevent atmospheric oxidation. Water will not deteriorate 
if left in contact with spongy iron. 

The j)roperty possessed by spongy iron and the magnetic carbide 
and oxide ot yielding nothing to water, no phosphates or other germ 
nutrients, is a most valuable one ; for the water, after filtration, can be 
stored for any length of time without any great deterioration from 
growth of microscopic organisms. The special fitness of the mag- 
netic carbide of iron or of polarite for filtering a town water-supply 
on a large scale lies in the fact that, when once the beds of tnese 
materials are inside, they need never be disturbed or renewed, and 
thus an enormous amount of labour and expense are avoided. The 
aeration by intermittent filtration, which is essential for magnetic 
carbide of iron, if it is to retain its oxidising properties, must not be 
practised with spongy iron as the latter cakes on exposure to the air. 

In a number of .experiments conducted at Netley and continued 
over a period of eight mouths, it was the only one the effluent from 
which never developed bacteria or any form of organisms. 

1498 . -TF/ni< are the ttpecial advantages of BiscuoFr’s spongy iron 

filter' ? 

Bkschoff’s spong}' iron filter, besides removing the organic 
matter, lessens tlie hardnesss, and often reduces nitrates to ammonia. 

1499 . — Whal experience have we in regard to the nse of spongy iron 

on a large scede f 

One of the most interesting experiments on the purification of 
water on a large scale was made at Antwer)) in 1881. The water 
was first passed through a layer of fine sand, and then through a 
filter of spongy iron mixed with gi'avel. This filter was, however, found 
to clog at the top rather rapidly and the iron also required somewhat 
frequent renewal. It was found on further experiment that the water 
could be jnirified more economically by scattering cast iron borings 
in the water as it flowed through horizontal revolving cylinders; these 
cylinders were furnished with projecting plates fastened at intervals 
round the inside ; as the cylinaer revolved the iron was scooped and 
discharged on reaching the top. The iron was in this process first 
converted into ferrous oxide by the oxygen in tjie water ; the ferrous 
oxide was next in part dissolved by the carbonic acid as bicarbonate, 
a salt very easily decomposed into ferric oxide, which finally preci- 
pitates carrying organic matter down with it, the precipitate being 
very easily removed by filtration through sand. 
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1500 . — What was ike experience of the Rivers Pollution Oommis- 

s loners on spongy iron ? 

They found that spongy iron filters not only considerably reducsed 
the proportion of organic matter in water, but also reduced the 
harmless — in some cases as much as 60 per cent. They also found 
that nitrates and nitrites were reduced by spongy iron, a small 
proportion of their nitrogen being converted into ammonia. Tn this 
way all evidence of previous sewage or animal contamination was 
destroyed (*oth Report of ike Rivera Pollution Commissioner a). 

1501 . — How does spongy iron act chemically on water ? 

Spongy iron decomposes part of the water into H and O, the O 

acting upon organic matter ; the spongy iron, however, gives some of 
its iron to the water, but the M3O3 takes it up. It must be kept 
underwater or it loses its spongy character and cakes into a solid mass. 
Spongy iron thoroughly oxidises impurities and does not favour vege- 
table growth ; it never yields to water the impurities it has removed 
or destroyed. 

1502 . — What disadvantages has it ^ 

It is slow in action ; the water must lie in t‘ontact with tlie spongy 
iron for a certain time for it to act ; charcoal filtered in 21 minutes 
what the spongy iron did in 22. 

Most Altering media, containing iron, give some of it to the water.' 

1 503 . — How do some Water Companies obvicUe this ? 

adding to the media. 

1504 . — What precautions are necessary with regard to the use of 

spongy iron ? 

The spongy iron must bo kept covered over with water, and 
should be renewed about once a year. 

1505 . — How is caking of the spongy iron prevented ? 

By means of a syphon the water is jirevented from descending 
below a certain level. 

1506 . — How are the traces of iron added to the water by spongy 

iron filters removed ? 

The water which has filtered through the spongy iron is depriv- 
ed of the iron it may have taken up, by passing it tlirough fine gravel, 
and pyrolusite, a crude oxide of manganese. (See answer to last two 
questions.) 

1507 . — ir/iat woLS the late Prof. Parkes’ opinion as to the advan^ 

tages and disadvantages of spongy iron ? 

Spongy iron retains its efficiency for a long time, and, as in the 
filters made with it the flow of water is expressly limited with re- 
ference to the bulk of material, the difference is solely in relaticm 
to the greater or less impurity of the water acted upon. Its effi- 
ciency may generally be depended upon for a year, and, unless the 
water be very impure, even for a considerably longer time. The 
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experimenis (by cultivation) of Dr. P. Feankland would seem to iodi* 
-cate a much earlier failure of efficiency, and it would be well to have 
the water tested both chemically and biologically at intervals to be 
assured of the continued efficiency of the medium. AVhen the limit 
of efficiency is reached, tlie only safe plan is to renew the charge of 
material, and it is generally advisable to provide for this renewal 
once a year or oftener, if examination of the water indicates the 
necessity of it ; should circumstances arise, however, to prevent this 
renewal, the best plan for cleaning is to subject all the material to the 
action of fire up to a low red heat, then to wash the whole well, and 
return it into the filter. The cleansing with permanganate and acid 
mu»tnothe attempted. 

1508. — JJow i9 the c dicing now prevented ^ 

By means of a syphon the water is prevented from descending 
below a certain level, it may also be prevented by ha\-ing a strainer 
if the water has much suspended matter. 

1509. — J« the spongy iron filter popular ^ 

Bisc'norr’s spongy iron filter has come largerly into use. The 
water which has filtered through the spongy iron, is dei)rived of the 
iron it may have taken up, by passing it through fine gravel and 
pyrolusite, a crude oxide ot mangansc'. 

Spongy iron thorougly oxidises ini])urities and does not foster 
vegetable growth, nor yields to water the impurities it has removed 
•or destroyed. 

1510. — What was the late Prof. Pahkks’ opinion as to the use of 

spongy iron as afilteHng media ? 

It acts u})on water itself, decomposing it and setting free hydro- 
gen, — the oxygen being afterwards given iij) to organic matter that 
may coim^ in contact with it. Its oxidising power is very great, 
although perha}>s a little slow. E\])eriments at Netley showed 
that it could be depended upon to remove the greater part of the 
dissolved organic matter, and with prolonged exposure the whole of 
it in many instances. It has not much effect on mmeral matter, but 
removes lead. It yields a little iron to the water, which, however, 
can be removed by further filtration through prepared sand, — that 
is, sand or fine gi-avel with pyrolusite. Beyoua this iiothmg is yield- 
ed to the water, which comes out ipiite clear and jiure, and may be 
stored for along time without undergoing any change or showing 
signs of the production of living organisms, — or in any way favour- 
ing putrefac^tion. Water left in contact with it does not deterio" 
rate. It retains its filtering power a long time, — ver)' much longer 
than animal charcoal. These qualities are fully confirmed by the 
biological experiments of P. Frankland. Such properties render it 
suitable for use on a large scale, and it has been so used in several 
places, as for example, in the Water Works of Antwerp. On the 
whole, it must be looked upon as one of the most powerful and last- 
ing filtering media we have. 
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What is carbide of vron^ and what is its action ? 

It is a filtering medium, prepard by roasting a mixture of haema- 
tite with saw-dust. In action it is very similar to spongy iron. 
[The same may be said of magnetic oxide of iron.] 

1512 . — What effect has magnetio carbide of iron in oxidising 

dissolved organic matters ? 

’^rhe magnetic carbide of iron has as a very considerable effect in 
oxidising dissolved organic matters in the water, converting them 
into nitrates and nitrites ; and this oxidising action is neater the 
longer the water remains in contact with the iiarticles of magnetic 
carbide, that is to say, the slower the filtration. The layers of sand 
effectually remove the suspended matters in the water, which thus 
reaches the magnetic carbide perfectly clarified. 

1513 . -~7£ow; is tJie filtering material of the magnetic carbide filter 

l^repared ^ 

By heating haBmatite with saw-dust. The only objection to it 
is that it communicates a slight taste of iron to the water, but this 
may to some extent l>e prevented by passing the filtered water 
through sand mixed with native manganese oxide or pyrolusite. 

[Spongy iron and careferal may be used as mechanical filters tO' 
separate suspended matters, but the magnetic carbide and oxide 'of 
iron should be used only as a chemical filter, to oxidise or remove 
dissolved impurities in the water. Careferal sliould be removed 
about once a year, or it may be purified by exjiosing it to a low red 
heat.] 

1514 . — What substance is now gaining in favour ^ 

The magnetic oxide of iron ju’oduced on the surface of the 
metal by Barff’s process. 

1516 .-- MHiere is scrap iron used ns a filtering medium ^ 

At Antwerp and other places on the continent scraj) iron 
(Anderson’s process) is now being used for filtering water on a largo 
scale. 

The scraps of iron are ])laced in a cylinder, which is caused to 
revolve on its long axis. The inner circumference of the cylinder ia 
provided with short curved shelves reaching from end to end, which, 
when the cylinder is revolving, serve to direct a shower of iron through 
the watei* as it passes through the apparatus. 

The water is then exposed to the air by flowing along a trough,. 
BO as to cause a precipitate (as ferric oxide) of the iron taken up in 
the revolving cylinder, and this precipitate is subsequently removed 
by filtration through sand. 

1516 . — What other material very similar to spongy iron has lately 
been introduced 

A very similar material called polarite has lately come into use^ 
It contains about 60 per cent, of magnetic oxide and carbide of iron>. 
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combined with other insoluble mineral matters, and is capable of 
producing equally good results with those above described. 

1B17—What is peculiar about the action of polarite on micro^ 
organisms f 

One of the most valuable properties of polarite is the power it 
possesses of sterilizing air that may be passed through it, and by the 
process of combustion already described, destroying all noxious 
germs. In the apparatus now being described, air is admitted to the 
tank containing the jnirified w ater, only through a “ sterilizer,” which 
is a box containing finely granulated polarite, placed^ above the level 
of the sujiply cistern, and communicating with the pure water tank 
l>y means of a ])ipe. Thus the sterilized air is admitted automatically, 
and the oxygen, freed from all germs, is absorbed by the purified 
water, causing it to become fresh and sparkling like spring water.- 
This apparatus will supply 500 gallons per day. 

1518 « — What are the special virtues of polarite as a purifyi'ng- 
agency ? 

It has good oxidising properties, and yields nothing to water 
which is favourable to organic life ; but its lasting powers are inferior- 
to spongy iron and magnetic oxide and carbide. 

1519 . — Hov) is polarite- prepared ? Whai are its properties as a 
filtering medium ? 

The magnetic spongy carbon or polarite is })repared from a 
peculiar descrijition of carbonate of iron found in certain parts of 
8outh Wales. In its original state it is hard, non-absorptive, and 
non-magnetic. It is carbonised in retorts, and treated by a patented 
process, and then granulated to the degree of fineness required. By 
applying water to the sample, the extraordinary absorptive powders 
can be seen, although the ])ores are so microscoj)ic as to be invisible 
to the naked eye. In the pores of this material a process of combus- 
tion takes j)hice, similar to that with spongj^ platinum; by this 
means impurities may be said t‘o be actually burnt out of the water 
brought in contact with magnetic s])ongy carbon. That the material 
is actually magnetic to a high degree is proved by the action of the 
grains when brought under the influence of a magnet. 

Its percentage composition is said to be as follows : — 


Magnetic oxide of iron .... 53*85 

Alumina 5*68 

Magnesia ....!.. 7*55 

Water w ith a trace of carbon . . . 5*41 

Silica 25*50 

Lime 2*01 


100*00 
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Lt contains, therefore, no poisonous metal ; is very hard, porous 
and absorptive. It extracts iron and lead from water, and destroys 
organic matter in solution. It is a powerful declorizer and deodo- 
rizer by virtue of the polarized oxygen contained within its micro- 
scopic pores. It is extremely durable and magnetic to a remarkable 
degree, and notwithstanding that iron is the chief element in its 
constitution, it will not rust. 

Tliere is reason to believe that polarite acts also as an electrolyte, 
breaking up the molecules of water into their elementary com- 
ponents, catching and condensing the oxygen and accelerating its 
revivification. This property has been disputed, and is now being 
investigated ])y Dr. Angell. 

“ Tliat the material is rustless is proved b} the production of a 
sample taken from the Acton tilter beds, which has been subjected 
to the action of air and water for eighteen mouths. There are 
several methods of applying this material to the ])urificatioii of 
water. The water-supply of towns can be purified on a lar^ge scale 
by passing it through filter beds, constructed in a similar manner 
to the ordinary sand filters, but with the addition of a layer of 
polarite at least 6 inches thick, mixed with an eijual (piantitj^ of sand, 
^e best mode of constructing such a filter is shown by Fig. 2. At 
the bottom are placed 4-inch common agricultural drain tiles, sur- 
rounded with broken stones, then a layer of gl*a^'el fi*om 4 inches to 
6 inches thick, 4 inches of sand, 12 inches of sand and polarite in 
equal parts, and lastly, 9 inches of sand, making a total depth of 
filter of 2 feet 9 inches to 2 feet 11 inches. Space must be provided 
above the sand for a depth of from 6 inches to 12 inches of water, 
according to the rate at which it is desired to ]mss the water through 
the filter. Such a filter will purify w^ater at the rate of from five 
hundred to one thousand gallons per square yard in 24 hours, which 
is a higher rate than can usually be obtained with an ordinary sand 
filter. Considerable economy in the construction of filters can be 
secured by the use of polarite, for although that material costs more 
than sand, the area of the filter can l)e considerably reduced, owing 
to the greater rapidity of filtration ; and the de})th is also reduced 
from 8 feet, or 5 feet 6 inches, to ])ractically feet, thus greatly 
reducing the first cost.” 

The value of a porous magnetic oxide of iron that will not nist, 
can scarcely be over-estimated, as its powers as an oxidizer approach 
that of “ spongy platinum.*' Tlie potency of a substance as a purify- 
ing, deodorising, declorizing and filtering medium is dependent 
upon, and may be measured’ by, its power oi occluding and polarizing 
oxygen. The occlusion or condensation of oxygen takes place upon 
all surfaces, both interstitial and superficial, conseauently tnat 
material which presents the largest surface in the smallest cubical 
space is the most powerful purifier, provided it is composed of a 
proper substance. 
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Spongy platinum practically fulfils all the conditions necessary 
in a good filter, and in consequence is the most powerful puidfier and 
filterer, and the best insoluble oxidiser known. The process of oxi- 
dation that takes place in the pores of spongy platinum is so active, 
that a ball of this material has been used to ignite inflammable 
vapours, without the application of any heat other than that gener- 
ated in the pores of tne spongy platinum ; the enormous price of 
that material precludes it from being employed on a practical scale. 

1520 . — Show hy a table the reaulU after filtration through polante. 

The following is a rej)ort on two samples of water which passed 
through polarite. 



Grains 

per Gallon. 


Filtered through 
polarite. 

L'nfilterod. 

Free Ammonia . . . . 

A trace only. 

•0263-2 

Albd. Ammonia . . . . 

•0360 

•05096 

Oxygen ab.sorbcd 15 min. at 

80 ® F 

•0476 

*1764 

Nitrogen as Nitrates . 

1 •1728:< 

•18432 

Colour . . . . . 

Pale yellow. 

Deep orange yellow. 

Odour 

' Odourless 

1 Disagreeable. 

Total Solid . . . . 

; 25-76 1 

1 31-36 

Kesidue .... 

Clean. 

Dirty. 

On Ignition . . . . 

Darkened. 

Darkd. much. 

1 

Slight odour. 

Strong nrinous 
odour. 


Tliese figures show a very remarkable degree of purification by 
filtration. 

Thames watci* taken at Hampton Court has beeen jmrified by 
filtering through *• ])olarite” at the rate of one thousand gallons per 
square yard in *24 hours, and the results obtained have been excellent. 

1B21.’-What is careferal ? Is if a good filtering medium ? 

A combination of calcined clay with saw-dust (chai'coal) and a 
small quantity of iron. 

It has good oxidising properties, and yields nothing to water 
which is favourable to organic life, but its lasting powers are inferior 
to spongy iron and magnetic oxide and carbide. It is losing its 
former popularity. Some experiments conducted at Netley by the 
late Professor de Ciiaumont showed that for a time it acted as an 
efficient filtering and oxidising medium and then became less and 
less active, until it was useless. 
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1582.— jETow way careferal he employed on a large scale and what 
are its effects as a filtering medium t 

Careferal should be employed, so that the whole bulk employed acts 
as filtering material. By using a large quantity of the material with 
a rapid deHvery, a storage reservoir becomes unnecessary. The de- 
livery can be regulated by screwing down or loosening a plate in the 
filter, so as to compress the material, or slacken the pressure as 
required. 

1523. — What form of material should be excluded from filtering 

media ? 

All organic substances, such as sponge, flannel, cotton-wool, and 
tow, should not be used as filtering materials, either alone or com- 
bined with charcoal, etc. Any action they may [)OKsess is purely 
mechanical, and sooner or later they decompose and add imjiiirity 
to the water. 

1524. — What may he said of sponge used, as a filtering agent ? 

It has a considerable effect in mechanically arresting suspended 
jiarticlea, but very little on dissolved matters. It soon clogs, and 
ought not to be used. 

1525. — Is sponge commonly used as a filtering medium ? 

It is now not often used It merely removes suspended j)articles 
and soon clogs and becomes foul. Sponge filters require constant 
attention, and frequent cleaning and renewal. Asbestos is a much 
better material, and can easily be re-burnt. It acts only mechani- 
cally. [Strainers of sponge, or any material which cannot stand the 
action of fire, ought also to be given up. Asbestos forms an excellent 
strainer, and can be heated to redne.ss, so as to destro}* all organic*, 
matter, as often as required.] 

1526. — Why are sponge filters now considered dangerous to use 

Because although they remove the suspended matter, organic 
and inorganic, they harbour the development of \ c‘getable micro- 
organisms and soon become very foul.* 

1527. — How is a domestic jUter to he cleaned ^ 

It may lie taken to pieces every two or three montlis (according 
to the kind of water), air blown through it, and if it is in a block 
form, well brushed, then pour a solution of 20 or 110 grains of potas- 
sium permanganate to a quart of distilled water with 10 drops of 
strong sulphuric acid through it. After this, a solution of half-aii- 
ounce of hydrochloric acid to four gallons of distilled water ; then 


* We have cut open a sponge of about 8 inches in diameter, that was in use 
for nine months and found that it was almost choked up with a semi-putrid 
slimy material, crowded with various forms of vegetable organisms, mould, aud 
amsBDoid forms. 
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rinse thoroughly with plenty of distilled water, or good rain water. 
If the carbon is not in the block form, it may be boiled with Coiidy’s 
fluid dried, and rebumed, and then used again. 

1628 . — Before a filter is used what should he done to it ? 

It is necessary before a filter is used that from 1 0 to 20 gallons 
of water should be passed through it, as all filters in the first instance 
yield a certain amount of foreign matter to the water. The most 
difficult to cleanse are the block carbon filters, but this may be ac- 
complished by first carefully brushing the surface and j)umping air 
in the reverse way, and afterwards allowing a mixture of dilute 
Condy’s fluid with a little hydrochloric acid to pass through it, until 
it comes out a distinct pink colour. It is obvious that in the more 
complicated filters the cleansing can only be properly done by the 
maker, to whom it ought to be sent for the purpose.’ When the 
filtering medium is loose charcoal, it may lie cleansed in the same 
manner with Condy’s fluid and acid, but the sim|)lest plan in this case 
is to renew the carbon. 

In both cases, after cleansing or renewal, it must be remember- 
ed that the clean water must be passed through the filter before it is 
again used. This cleansing process must be conducted at intervals, 
varying in accordance with the amount of impurity jiresent in the 
water filtered, but the interval ought not to be longer than six 
months. 

Every filter ought to be carefully inspected, and, at periodical 
times, the material ought to be removed and thoroughly cleansed, if 
that be possible ; and if it cannot be cleansed, a fresh sujiply ought 
to be substituted for it. The small expense incurred in tins way is a 
wise outlay, in order to secure immunit}'^ from dangers that are 
otherwise certain to arise sooner or later. 

In the case of spongy iron filters Condy's fluid and acid must 
not be used, but the material may be cleansed by bum mg it, although 
in this case also, the best plan is to renew it As spongy iron 
retains its filtering jiower longer than charcoal, this jirocess need 
not, probably, be gone through oftener than every twelve months. 

1529 • — Is sponge made tise of as a filtering material ^ 

Sponge occasionally forms part of the filtering material. They 
shoula be placed in boiling water for a few minutes every two days. 

1530 . — What water-bottle is used by the British soldier ^ 

Tlie Italian water-bottle has been officially adojited in our 
army, but it is doubtful if it has any advantage except its conveni- 
ent shape. It certainly imparts an unpleasant taste to the water at 
first, and presents difficulty in cleaning. Probnbty an iron bottle 

£ mted by the Bower-Barff process), covered wdth leather, w ould be 
tter. For convenience however nothing is better than an ordinary 
soda-water bottle covered with felt or leather slung over the 
shoulder. 



868 WITBR- [PABT 

1531 . — Give a brief resume of iiie methods erwployed for the 

moved of impurities from water T 

r Distillation, boiling, exposure to air, 
Organic matter by < alum, permanganates, tannin, and by 
t agitation with coke, etc. 

Carbonate of lime by — Boiling, and addition of caustic lime. 
Iron by — Boiling, lime, and, in part, by charcoal. 

A combination of alum, line, and sodium carbonate removes the 
temporary, and even reduces the permanent hardness somewhat. 

1532 . — Give a resume of the uiethods employed for the purijiccUion 

of water ? 

Nature ]»urifie8 water from vegetable and animal matter by de- 
composition and oxidation, aided by’ subsidence and filtration 
through porous strata, and also by evaj)oration and condensation. 

Artificially, water may be purified by 

(1) Distillation. 

(2) By precipitating injurious matters by addition of various 
ingredients, by" boiling, etc. 

(3) By filtration. 

1. Distillation wdll ensure pure water if properly carried out. 

The water should always be tried wdtn a few drops of 
dilute nitric acid and silver nitrate before use ; if no 
haze is produced the water may be safely taken. 
Precautions.—- Aerate water ; it will not keep good long ; 
avoid lead in the apparatus, and take care foul water 
does not leak through. 

2. (a) Boiling gets rid of calcium carbonate, hydrogen sul- 

])hide, and lessens organic matter and iron. Bepeabed 
boilings wull destroy micro-organisms. 

(h) Exposure to air in divided currents, as through a sieve, 
removes liy drogen sulphide, offensive organic vapours, 
and perhaps dissolved organic matters. 

(c) Aluminous salts act well if calcium carlionate be present; 

a sulphate is formed, and with a bulky hydrated alum 
jirecijiitate floating matters are carried down. To a 
gallon of w'ater add six grains crystallized alum, adding 
first, should the water be soft, a little chloride of cal- 
cium and sodium carbonate. If Bird's Patent Fluid 
be used (ter-sulphate of aluminium) twenty drops are 
added to a gallon. 

(d) Lime (Clark’s process) combines with carbonic acid and ia 

precipitated w’ith the calcium carbonate already in the 
water, carrying with it susiiended matter and some dis- 
solved organic matter and iron. It arrests micro- 
organisms. Does not affect sulphates and chlorides of 
calcium and magnesium. On a large scale Atjun’s 
modification is used. 
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(e) Sodium carhonate throws down sulphate of lime, leaving 
sodium sulphate in solution, and lead if present. 

(/) Potassium or sodium pei'manganate removes the offensive 
odour of impure water kept in casks, etc. ; of hydrogen 
sulphide ; suspended matters are carried down by the 
manganic oxide precipitate. Gives a yellow tint to 
some waters from presence of finely-divided manganese 
t)eroxide ; it is not injurious, but may be removed by 
addition of alum or by filtration. Add Condy’s fluid, 
a teaspoonful at a time, to three or four gallons of water 
until a faint ])urple tint appears and remains for some 
hours. As a preliminary to the alum process it is 
useful. 

(g) Perchloride of iron purifies turbid waters from clay, etc. 

To a gallon of water add two and a half grains of the 
solid j>erchloride. 

(h) Strychnos potatorum is used in India ; ]irobably carries 

down suspended matter. 

(t) Iron wire and magnetic oxide of iron are said to remove 
organic matter. 

(j) Immersion or boiling in the water of certain vegetable 
bodies, especially such as contain tannin ; tea, kino, 
bitter almonds, etc., have been used.* 


(Ti AFTER XIV. 

G \SKS IN Watkk. 

1533 . - 0 / ndtat gases <8 water composed ? 

Oxygen and hydrogen 

1534 . — How may this he shown ^ 

It ina} be demonstrated, both h} synthesis and analysis, that 
absolutely pure water is a true union and condensation of two gases, 
oxygen and hydrogen, in the proportion hy volume of two of the lat- 
ter and one of the former, and hy weighty eight of oxygen and one of 
hydrogen. Its weight in the gaseous state relative to hydrogen is 
9, and its chemical formula H,0. (For other important points in 
connection with the relation of potable waters to gases vide Part 1, 
Chapter 1, p. 9 et seq.) 

1535 . — What are the gases generally found in water t 

O, N, Cog, and sometimes CHg, (in marsh water) and Hg8. 


u 


♦ Aids to Sanitary Science, 



870 WATEK. [part 

1536 . — TF/^a^ cmiounia of different gaeea should be contained in 

a good and wholesome water ? 

Waters vary considerablj* in the proportions of their gaseous 
constituents. When freely exposed to the air, a good water which is 
not consuming oxygen by means of the organic matter, nitrites, or 
ferrous salts which it contains, ought to contain about If cubic inches 
of oxygen per gallon ; and, to be palatable, to contain a fair propor- 
tion of carbonic aid gas in solution, so as to be brisk and not vapid 
in flavour. [Tliere should be no odour in water ; but the presence of 
a trace of sulphuretted hydrogen odour when freshly di awn from a 
deep source is not prohibitory of its use.] 

1537 . — How are the gases oftvater estimated quantitatively ? 

By means of the following apjilianccs : — A mercurial trough, 
graduated glass tube filled with mercury and inserted in the trough, 
by a flask and connecting tube. The water jdaced in the flask is 
boiled for an hour and the gases thus es olved are collected in the 
graduated glass tube. 

1538 . — Bi/ what apparatus and in v'hai way may we ascertain the 

presence and test the nature and quantity of gases in 
%cater ? 

8o far as our knowledge e\tends at present, there seems to be 
but little information obtained by tin* determination of the amount 
of gases in water; but if it is decided to do so, we require a mercu- 
rial trough, a graduated tube-measure to be filled with mercury and 
inverted into the trough, a flask and a connecting tube with a bulb 
blown on it. Tlie flask is filled ith water and connected with the 
bulb-tube by an India-rubber tube, which is to be closed by a clamp. 
Some water is put into the bulb, and boiled ; this is to exjiel air 
from the connecting tube; and when this is done, the end of the 
tube is put into the mercurial trough under the vessel filled with 
mercury, the clamp is removed from the India-rubber tube, and the 
water is cautiously boiled for an hour. Tlie gases collect in the 
mercurial tube, and are measured (due regard being bad to temper- 
ature and pressure, and the other corrections) ; the COg is absorbed 
by potash, the oxygen by potassium pyrogallate, and the nitrogen is 
read as the residue,* If water contain much CO, bubbles of the gas 
form on the sides of the glass in which the water is placed. 

1539 . — Whnt apparatus are needed for the quantitative estimation 

of gases in water ? 

Appa/raius, etc ^ — A flask holding exaetl} , when fitted to the stopper, 
700 decerns (16 ounces) ; a glass bent tube with a bulb on it ; one end 
is fitted into the stopper of the flask, the other is so bent as to pass 
below the mercury in a mercurial trough ; a glass tube about a 
foot long, closed at one end, and graduated into lOths of a cubic 


*Pabkvb’ Practical Hygiene, 7th Kd. 
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inch at that end ; this tube must be filled with mercury and invert- 
ed in the mercurial trough ; a bulbed p^ette turned up at the end 
for introducing the solutions of caustic potash and of pyrogalHc 
acid. 

1540 . — How are carbonic acid gaa, oxygen and nitrogen deter^ 

mined quaniitively ? 

By the following process : — 

1. Fill the flask to the under-surface of the stopper. 

2. Boil some water previously placed in the bulb to expel all 
the air in the tube. 

3. Place the open end of the tube under the graduated tube 
standing m the mercury. 

4. Now gently boil the water in the flask to liberate the gases. 

5. Note the measure of the gases obtained. 

6. Pass up into the measuring tube with the aid of pepette a 
solution of caustic potash (one part of dry potassium hydrate in two 
of watei’) eq^ual to about to 5^ of the volume of the gases. When 
no further decrease of volume takes place read off as COg. 

7. Now pass up as before a solution of pyrogallic acid (10 grains 
of acid in 5 or 6 decerns of water). 

8. Slightly shake the tube. 

9. Bead off the oxygen present as equal to further decrease in 
volume. The nitrogen will remain as a residual jiroduct, and the 
amount may thus be determined. 

1541 . — What is Dr. Fkankland’s method of estimating the gases in 

water ? 

It is a very ingenious method by which the gases are removed 
without employing heat. It is carried out by means of a modification 
of the Sprengel puni}). The vacuum at the top of a barometer acts the 
part of an air-pump. Iliis process may be carried out in such labora* 
tories as are engaged in making water analyses, but the ordinary 
M.O.H. is not likely to be called upon to carry out this process. 

1642 .— is the relation of CO^ to water which is from ordi^ 
nary sources of water-supply f 

All waters contain it more or less, the COg of the air being dis- 
solved. Bain water dissolves comparatively small quantities of 
COg ; 25 gallons of lake water seldom contain more than a quarter 
or half a pint of dissolved carbonic acid gas. This gas is very solu- 
ble in water, but as only four parts of it are contained in 10,000 
parts of air, rain water contains but a small amount of it. Ordinary 
river ^nd well waters contain considerable quantities of carbonic 
acid gas. This is accounted for by the fact that in the decomposi- 
tion and oxidation of the organic matter which gains access to nvers 
and wells, carbonic acid is generated and dissolved. Water falling 
on the ground, finds its way to the animal and vegetable matter in 
the soil. The oxygen already dissolved in the water, oxidises the 
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organic matter, and carbonic acid is given off in the process of de- 
composition. Tiie water, deprived of its oxygen, absorbs a fresh 
supply from the air, and the formation of admtional quantities of 
carbonic acid gas is repeated ; so that the water becomes more 
and more saturated with it. Such is the main source of carbonic 
acid of water. 

Inhere is yet another source of carbonic gas in water that tra- 
verses the soil, viz., the air of the soil itself, air the surface 

soil contains a considerable amount of carbonic acid gas (about 200 
times as much as ordinary air, the proportion increasiug as the 
depth increases). This carbonic acid gas has likewise been formed 
by organic decomposition. The water in its passage through the 
soil carries much of this carbonic acid with it, and this carbonic 
acid dissolves out any minerals met with that are soluble in a car- 
bonic acid water. Chalk is thus dissolved, and the oxide of lime 
and soda are converted into carbonates. 

It is the existence of this carbonic acid gas that gives good 
water the pleasant briskness, freshness and sharpness to the palate. 

16^3.— Bote does carbonic acid gas affect the salts contained in 
natural water ? 

The presence of CO 2 in water adds materially to the solvent power 
of the water upon many ingredients of the soil which are thus often 
introduced into the water — such as sulphate and carbonate of lime, 
chloride of sodium, magnesium salts, and certain organic matters of 
the surface. 

I. — How may the gases 0, CO^, and N he isolated ? 

The O is separated by pyrogallate of potash ; the COg is absorb- 
ed by caustic potash, and the N is the residue. 

What are the hygienic relations of 87ilphuretted hydrogen 
to water ? 

Hie presence of sulphtiretted hydrogen is usually indicative of 
considerable deterioration of water. This gas is known by its odour. 
It is frequently found in water from superficial wells and in drying up 
tanks. It is formed in these by the deoxidation of sulphates of metals, 
and this deoxidation is effected by plants undergoing aecay. The oxy- 
gen of the basic sulphates combines with the carbon of the organic 
matter to form carbonic acid, and the sulphate combines with hydro- 
gen to form snlphnretted hydrogen. 

If the gas is present in any quantity, it can be detected by the 
smell. Alkaline sulphides have, however, less smell. Both, even 
without smell, can be detected by salts of lead. A large quantity of 
water should be taken in an evaporating dish, and a little clear lead 
flubacetate or acetate allowed to flow tranquilly over the surface. 
Black fibres of lead sulphide are formed. If leiwi acetate is mixed 
witib solution of soda imtil the precipitate which at first forms is 
reniissolTed, a very delicate teeA^Iiquor is obtained. Solution of 
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sodium nitro-prusside is also a delicate test, and gives a beautiful 
riolef-purple colour. As it acts only on the alkahne sulphides, a 
little solution of soda or ammonia must also be added to detect the 
free hydrogen sulphide. 

1546.~-W^W is the test for sulphides in water? 

Nitro-prusside of sodium gives a black precipitate with lead, 
but the absence of colour with nitro-prusside shows that the sul- 
phuretted hydrogen is uncombined. 

15417.— Does the nitro-ferride of sodium differ from and 

sulphides ? 

Yes : for it does not re-act upon uncombined HjS. [Of a black 
hue with acetate of lead solution, but absence of colour with the 
nitro-ferride solution shows the HgS to be uncombined.] 

1548. — What opinion should the presence of H^S or alkaline sul- 
phides in water elicit ^ 

The presence of hydrogen sulphide or alkaline sulphides ought to 
condemn tlie water. 


CHAPTER XV. 

Minerals in Water. 

1549. — Vnder tvhat headings nuty the impurities of ivater he con- 

veniently co'iuidered ? 

Firstly, water rendered impure by an excess of mineral substance ; 
secondly, w’ater rendered impure by the presence of vegetable mat- 
ter ; thirdly, water rendered impure by animal organic matter. 

1550. — Is the amount of mineral substances in water of much con- 

sequence ? 

Of late years, an ojiinion has been expressed that the amount of 
the mineral substances is of little consecjuence. Tliis can be true 
only in a limited sense ; there are some mineral substances, such as 
sodium chloride or carbonate, or calcium carbonate, which, within 
certain limits, apjiear to do no harm. But in the case of other 
minerals, such as calcium and magnesium sulphates and ^chlorides, 
and calcium nitrate, there can lie little doubt that their use is inju- 
rious to many persons.* 

1551. — Which of the mineral ingredients are least harmful ' 

Many authorities hold that certain mineral ingredients, especi- 
ally the alkaline carbonates (those of calcium, magnesium, sodium and 
potassium, and even the chlorides of these metals) may exist in large 


* Parkeb' Practical Hygiene, 7th Ed. 
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quantities without producing any deleterious effect on the animal 
economy ; and we may state that a small excess of mineral constitu- 
ents in water is of subordinate importance. On the other hand the 
majority of hygienists consider that very great excess of mineral 
impurities of any kind in water is capable of producing various forms 
of disease. 

1552. — What are the commonest salts of water? 

Carbonate of lime and magnesia, the latter held in solution by 
excess of CO a- 

1553. — What mineral matters may he met with in water ? 

These depend on the strata through which the water has passed. 
The chief are : — Chlorides, sulphides, carbonates, phosphates, nitrates, 
nitrites, and silicates. 

1554. — What hoses are these salt radicals combined with ^ 

Sodium, potassium, lime, magnesium, alumina, and nitrates with 
iron, nitrites as Ph, yn, cu, as. 

1555. — JBToto may we estimate the amount of carbonates? 

By determining the alkalinity and measuring the degree of 
hardness. 

1556. — What is the relation of calcareous salts in water ? 

The caXcareous and 'magnesian salts are the most frequent mineral 
matters met with, and of these the sulphates and carbonates are the 
chief to be dealt with. 

Chalk (or carbonate of lime) is only soluble to the extent of two 
or three grains to the gallon in chemically pure water ; but it is 
readily dissolved by the carbonic acid present in all natural waters. 
Ordinary limestone and marble are varieties of carbonate of lime. 
Gypsum, alabaster, and selenite are varieties of the sulphate of 
ttie same metal. The sulphate is more soluble than the carbonate, 
but is less diffused in the soil, and so is not met with in similar 
quantities. The amount of lime salts in water varies from one-third 
OT a grain to the gallon in lakes surrounded by siliceous mountains, 
to 15 or 20 grains per gallon in many well waters, specially those in 
chalky districts. 

< 1557. — What suggestion has been made as to the 'use of lime salts 
in water ? 

It has been supposed that the lime salts of water contribute to 
the formation of bone of animals, but it is usually in such small 
quantities as to have no material effect in this respect ; and, further. 
Nature furnishes in ordinary food a much more convenient and suit- 
able method of bone formation, than this. Even in places where 
large amounts of salts of lime are met with, no conspicuous influence 
IB seen in the consumers — either the people become accustomed to 
the water, or the quantity of lime in it has no particular effect. 
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1558 . — What ie the relation of magnesian salts to ivater ? 

The magnesian salts are met with almost as commonly as the 
calcareous. Well water usually contains about 2| or 3 grains to the 
gallon. It occurs as a carbonate with smaller quantities of the sul- 
phate. These quantities have no effect on health. Some of the 
aperient mineral waters contain large quantities of sulphate of mag- 
nesia or Ejisom salts. Excess of sulphate of lime and magnesia 
(10 to 20 grains to the gallon) may constitute an impurity. 

1559 * — WJiai is the test for lime in water What is the resnlt whh 
varying quantities of lime ? 

The addition of a solution of oxalate of ammonia to water con- 
taining lime gives a white }>recipitate — 6 grains of lime to the gallon 
gives a turbidity only ; with 10 graiii.s there is a considerable preci- 
pitate. 

It is im])ortant from a domcNtic point of view from its hardness, 
and from its effects on the alimentary canal and in washing clothes. 
[Glasgow saves £30,000 per annum by soft w^ater. In the oxalate of 
ammonia test approximate estimate of the quantity of lime present 
is also possible. It may be present as carbonate (or temporary) or 
fixed (sulphates and chlorides). I’he carbonatfi is reduced by Clark’s 
test and by boiling.] 

1560. — How may we estimate the quality oflhne contained in water ? 

By the soap test, Messrs. Boutron and Boudet have proposed, 

after determination of total hardness, to ]>recipitate the lime by 
ammonium oxalate, and then to determine the hardness again. 
The difference will be owing to lime removed. The difficulty here 
is to add enough, and not too much, of ammonium oxalate, which 
itself in excess gives hardness. 

The best way to perform this proces.s is to have a perfectly con- 
cent i-atcd clear solution of ainiiiouium oxalate, and to add to 50 C.O. 
of w^ater 1 drop for every 1 measuies of soap solution used ; then in 
other bottles, to add resjiectively, 1, 2 and 3 drops more. Then 
determine liardness of all the bottles, and select the I’esult which 
gives the least hardness. In this way we can hit on the bottle which 
contains enough, but not too much ammonium oxalate. The water 
need not be filtered, hut it should be allowed to stand at least for 
three or four hours or, better still, twenty-four hours, before the 
hardness is taken. 

1561. — JToiP is the detertni nation of lime by weight carried out f 

It may be desired to determine the lime by weight, and the fol- 
lowing processes can then be used : — Take a known quantity of w’^ater; 
add ammonium oxalate, and then enough ammonia to give an ammo- 
niacal smell. Allow precipitate thoroughly to subside, and then wash 
^ decantation, or by throw'ing the precipitate on a small filter of 
pwedish paper, the weight of the ash of which is known. Decantation 
is recommended. If a filter is used, wash precipitate on filter; dry ; 
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scrape precipitate from filter, and place in a platinum crucible; bum 
filter to an ash, by holding it in a strong gas fiamc, and place it also 
in the crucible. Heat the crucible to gentle redness for fifteen minutes, 
moisten with a little water, and test with turmeric paper. If no 
reaction is given, the process is done. If the paper is browned 
(showing presence of caustic lime), recarbonate witii ammonium car- 
bonate, drive off excess of ammonia, dry, and weigh. 

The substance weighed is calcium carbonate, multiply by *56, 
and the result is lime. 

Mohr’s plan might also be used, viz., precipitation of tlie lime in 
an ammoniacal solution by standard oxalic acid, and then titration of 
the excess of the latter by permanganate.* 

1562. — Wh<it ia Mohr’s te^tfor lirtui ^ 

Precipation of the lime in an ammoniacal solution by standard 
oxalic acia, and then titration of tln^ excess of the latter by j)erman- 
ganate. 

1563-— TT/m/ ia the method of eatimating magnesia hy weight ? 

Take the water from which the lime has been thrown down ; 
evaporate to a small bulk ; filter if there be turbidity, add solution 
of ammonia chloride and ammonia to slight excess, then add a solu- 
tion of sodium phospate ; stir with a glass rod ; set aside for twelve 
hours ; throw' j)reci})itate on a filter, carefully detaching it from the 
sides of the glass ; wash w ith ammoniacal water ; dry ; incinerate in 
an intense heat ; weigh, taking care to deduct the ash of the filter 
known previous to experiment. The substance is magnesium p^TO- 
phospate ; multiply by 0*36 oz. to get the amount of magnesia, or by 
0*21 d 22 for magnesium alone. 

1564k. — What limit vjould yon 'place on magnesium salts ? 

A water which contains above 5 grains per gallon of magnesium 
salts is not good for a public supply, and should be condemned for 
that purpose if there is a choice or l>etter supply. 

1565.— ir/mt ia the test for magnesia ? ( 

It is usually in such small quantity' that we cannot get a result 
from testing in ordinary w ater. To test for it wo must concentrate 
the water by boiling down ; this j)recipitateH the lime salts, and then 
IjrH 401 is added and a little solution (NH^), CO, to make it alka- 
line, and then a little Na,P 04 . It turns it white*. This is put 
in test tube ; after boiling add the above solutions and leave aside for 
24 hours, and now' examine the sides of the tubes and we find crystals 
of triple j)hosj)hates. Water containing any excess of magnesia is 
not good. 

In a good water there should only be a slight haziness or none 
at all, on the addition of ammonia. 

An excess of lime or magnesia is evidence of hardness. 


i* Practical Bygieuef 7th Bd 
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1-586 . — Wiutt $alt» qfgilica may heftmnd in water? 

Silicates of soda or alumina are occasionally found in water. 

XM7.—Wliat is the test for silicates in vmter ? 

Half a litre of sample water is evaporated to dryness ; the residue 
is acted upon by strong hydrochloric acid, and washed with boiling 
distilled water ; then it is once more dried, ignited, treated with acid, 
and washed with boiling water. The final residue is silica, and may 
be weighed as such after drying. 

1468. — How may we determine the earthy and alkaline carbonates^ 
by Mohji’s process ? 

This is a very elegant process and may be useful. The solutions- 
required are : Standard solution of sulphuric acid, 1 C.C., of which 
saturates 5 mgins. of calcium carbonate, and a colouring solution, such 
as cochineal or phenolphthalein. 

Process . — Take 100 C.C. of the water to examine, and add a drop 
or two of cochineal solution, which gives a carmine red colour. Then 
run in the stardard acid solution till the colour becomes yellow or 
brown-yellow. Read off theuumljerof C.C. used and multiply by 5* 
The result is parts of earthy and alkaline carbonates per 100,000, stated 
as calcium carbonate. 

1568.— aive an example of the working of this test ? 

100 C.C. of a sample of water, i*eddened with cochineal re- 
quired 5*t) of standard solution to make it yellow : — then 5*6 X 5=28 
^rts per 100, (XK) of earthy and alkaline carbonates. If the water 
be not alkaline to test jiaper, the result will represent calcium car- 
bonate only. Should the latter be already known (through the hard- 
ness), the difference, if any, will re])resent sodium carbonate, and 
may be calculated out as such, 1 C.C. =5*3 mgms. of sodium carbonate. 

1570. — Ih)W may we estimate the amount of phosphoric acid of the 

phosphates in water ^ 

The incinerated total residue of the solids is to be treated with 
a few drops of nitric acid, and the silica rendered insoluble by eva- 
poration to dryness. The residue is then taken uj) with a few drops 
of dilute nitric acid, some water is added, and the solution is filtered 
through a filter previously washed with dilute nitric acid. The 
filtrate, which should measure 3 C.C., is mixed with 3 C.C. of molyb- 
date solution. 

1571. — What is the importance of phosphates in ivater ^ 

Phosphates are not of common occurrence except in minute 
traces. They are, for the most part, indicative of remote animal 
pollution, but need not condemn a water if the oilier indications are 
satisfactory. 

Phosphates may be present in water where there is sewage pollu- 
tion, but they seldom exist, except in the smallest traces ; as phos- 
phates, being ^cid salts, are incompatible with calcium carbonate. 
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The presence of these in any. marked quantity will generally 
corroborate inferences as regards sewage contamination drawn from 
the other indications. [Phosphates cannot exist along with carbonate 
of lime in a clean water, they are incompatible in a drinking water, 
the mineral phosphates of lime being precipitated.] 

X572. — Wliat mineral matters may he found in water ? 

An immense number of mineral and other inorganic substances 
are scattered through the crust of the earth, but some few are in 
great preponderance, viz., compounds of silicon, aluminum, calcium, 
iron, carbon, chlorine, ])hosphoru8, potassium, and sodium. Particles 
of clay and marl are amoiyhous and are unaffected by acid. Parti- 
cles of sand are recognised by their angular shape and by their not 
being affected by acids. Particles of cnalk are amorphous and are 
readily dissolved by acid. 

1573. — How may loe examine tJts water residue ? 

The unignited residue is best employed for this purpose. A 
small quantity of distilled water is placed in the Imsin, and the re- 
action of the liquid to red litmus paper noticed, when an alkaline 
reaction will betray the presence of alkalies (potash or soda gener- 
ally as carbonate). A few drops of hydrochloric acid are then added 
when any effervescence indicates the presence of carbonates. The 
liquid may then be tried for sulphates, for lime, and for magnesia in 
the usual way. 

1574. -TF/ia< \B tJte influence of yeological formation in rendering 

water sjjarktingy colourless^ palatable, and wholesome by 
percolation ? 

The following water-bearing strata are given as the most 
- efficient 

1. Chalk. 4. Hastings sand. 

2. flolite. 5. New red and conglomerate 

8. Green sand. sandstone. 

1575. — What proof have we of the extent to which water may die* 

solve out the mineral constituents of the soil ? 

The power of water to dissolve out mineral constituents from 
the soil and geological strata is well seen by scanning the composition 
of a few of the most popular mineral waters. 

1576. — What is the composition of Hunyadi Janos water ? 

16 ounces Troy of Hunyadi Janos (Hungary) contain : — 

Grains. Grains. 

Sulphate of mague.sia . 122*8 Carbonate of lime . 7*16 

„ of sodium . 122*1 Oxide of iron and 

„ of potash , *65 alumina . . *03 

Chloride of sodium . 9*98 Carbonic acid, free and 

Bicarbonate of sodium. 6*11 combined . • 4*(X) 
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This is a bitter mineral aperient imported from Hungaiy (Bttda- 
Pesth) used for constipation, and to aid aperient pills in Sieir action. 

lS77.—What is the composition of Oarlshad luater ^ 

16 ounces contain : — 

Grains. Grains. 

Sulphate of soda . 19*96 Carbonate of magnesia 
Caroonate of soda . 9*06 „ of iron . *03 

Chloride of sodium. 8*72 Phosphate of alumina . *21 
Sulphate of potash. *36 Silica . . . ‘1 

Carbonate or lime . 2*02 | 

Drunk for obstinate constipation, affections of liver, gout, rheu- 
matism, and diabetes. 

lS7B--‘What is tJie composition of Seltzer water ? 

Seltzer in Nassau furnishes the well-known Seltzer water. 

16 ounces contain : — 


Bicarbonate of soda . 

Grains. 

. 9*77 

Cldoridc of sodium 

, 17*22 

„ of potassium. 

*28 

8ul])hate of soda 

*26 

Phosphate of soda 

•26 

Bicarbonate of lime . 

. 2*66 

„ of magnesia 

. 2*55 

,, of iron . . 

„ of manganese . > 

Traces 

Bromide of sodium . . ) 

Silica .... 

•25 


1679 .- is the composition of Fried richsluill vmter ^ 

This is likewise a bitter water, used in diseases of the stomach, 
liver and urinary organs. 

16 ounces contain 

Grains. Grains. 

Sulphate of soda . 46*51 Sulphate of potash . 1*52 

„ of ma^esia . 39*55 „ of lime . 10*34 

Chloride of sodium . 61*10 Carbonate of lime *11 

„ of magnesium. 30*25 „ of magnesia. 1*16 

Bromide of magnesium . *37 „ of silica . *33 

XBBO.—What is the nature and ongin cf deposits in boilers ? 

When water containing a quantity of earthy salts is concentrated^ 
not only is the carbonate of lime deposited in the way just described, 
but as the solution becomes more and more concentrated the other 
earthy constituents present are more or less completely thro^m 
down. Thus we find that a large deposit occurs in steam boilers in 
which ordinal^ water is used, and much inconvenience frequently 
srises from this source, especially when the deposit assumes a com- 
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pact/ form, from the slowness of its deposition. Many schemes, both 
chemical and mechanical, have been proposed to obviate this incon- 
venience ; but the treatment must y&ry with the character oi the 
water. If the incrustation cannot by any means be prevented, a plan 
frequently adopted is to introduce some light powdered substance 
into the boiler with the water. This acts mechanically, by keeping 
Up the free generation of steam ; and the water being thus kept in 
€90nfitant and violent motion. Another method is the addition of 
chloride of ammonium to the water in the boiler. A conversion of 
the carbonates of lime and magnesia into soluble chlorides is the 
result, wliile the carbonic acid passes off with the ammonia as car- 
boimte ill the steam. The great objection to this method is, that 
carbonate of ammonia acts on brass or copper fittings, and this has 
precluded the employment of the process, except under B})ecial con- 
ditions.^ 


CHAPTER XVl. 

Examination or Water. 

Ph\.si( al Examination. 

1581.— ir/iae is the object of undertaking a complete examination 
of water ^ 

To enable the analyst to form an accurate opinion as to the 
wholesomeness or otherwise of a drinking water it can onl} lie arrived 
at after subjecting a sample of it to a complete examination. This 
consists in an investigation into the physical characters of the water, 
a chemical anal} sis (both qualitative and quantitative) and a micro- 
scopical examination. 

1588.-— Give the details of circular from the Medical Deparhneni 
of the Local Oovermnent Board relative to the collection 
and iransmiision of samples of water for exa/mination ? 

1 . In collecting .samples for chemical analysis, the following 
instructions are to be followed : — 

(a) AVinchester quart bottles, stoppered, are to be u.sed : the 

bottles must be thoroughly cleaned, and new bottles 
are to be preferred. 

(b) Two bottles of each sample are to l>e collected. 

(c) The bottles are to be rinsed out twii*e on the spot with the 

water which is to be collected. 

(d) The bottles are to be tilled, if posHible, by dipping bo- 

^ neath the surface, and to be tilled within an incn of the 

stoppers ; and the stoppers are to be tied over with 
leather, bladder, on India-rubber, and the strings to be 
sealed agaitist the bottle. 


*fiirBBAND*B Medical PoUce, 
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2. In collecting samples for fermentation -experiments, the 

prepared vacuum tubes (which are five inches long and half an ihch 
wide) must be used according to the following directions : — 1 

(a) If the water is in a cistern or othei* receptacle, plunge the 
fine end of the tube deeply in the water, and (with 
finger and thumb or with nipi)crs) })reak off well below 
the surface the point of the tube HO as to allow the in- 
flux of the water ; not withdrawing the end of the tube, 
till the water has ceased to enter it. 

(bj If the water is in a stream where collecting it as above 
^ would be difficult, collect it first in a clean cup, which 

has been rinsed with boiling water, and into which the 
stream should then be allowed to flow freely for some 
minutes ; and next fill the tube from this cup as from 
any ordinary receptacle. 

(c) If the water is in a well, the tube must be filled from the 

bucket, immediately after it is raised, and with care 
previously taken that tin* bucket (outside and inside) 
IS quite clean. 

(d) In cases which allow the natural sediment ot the water to 

be collected, it will be desirable to fill two tubes from 
each water ; one, in such a way that it may contain 
water from near the surface ; the other, in such a way 
that it may contain the natural sediment from near 
(but not quite at) the bottom. 

(e) In each case, immediately after the tube is filled, seal the 

end of it in a flame. 

3. In collecting samples, whether for chemical analysis or for 
fermentation-experiments, the time and place of collection of each 
sample are always to he noted by the collector ; and each bottle or 
tube is to bear cither a copy of this note, or else some distin- 
guishing name or number by which the sample can aft(‘rwards be 
identified. 

4. Samples for examination are, in all cases, to he forwarded 
to the office without delay, accompanied by the name of the sender. 

1583 . — Tn acquiring samples of water for examination what pre- 
cautions are to be taken ? 

Collect the water in a scrupulously clean glass-stoppered 
bottle, of about half a gallon capacity. The water should be kept in 
ft cool, dark locality, and the examination should be carried out as 
soon as possible. In collecting the water from a tank or well, the 
surface impurities should be avoided by immersing the Imttle, and 
TCfmoving the stopper, under water. The middle of the stream, 
river or tank, should be chosen, avoiding the intake of feeding 
ehaanels. If from a public tap, or hydrant, the tap should be opien- 
ed for a few seconds before filling the bottle. Make a note of the 
pliskOe, time and period of the year. Eemember to wash the bottle 
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out two or three times with some of the water to be examined, and 
do not quite fill it. 

1584. — What are the chief points regarding which the analyst is 

concerned ? 

Date and hour of collecting water ; its source — from a well, 
tank, stream or river. 

If from a wellj the nature of the soil and geological strata in 
which the well is sunk, the depth of the well, and whether it is near 
or remote from well-privies, cesspits or drains. 

If from a tank, the part of it from which the water was re- 
moved, and the nature of the various contaminating agencies (if any) 
at work. 

If from a stream or river, the relation of the position from 
which the sample was taken to the banks. 

The analyst should also be made acquainted with any special 
reason there may be for making an analysis. 

A little practice in the physical and chemical examination of 
water would soon enable us to form a fair oi)inion of samples of 
water, or at least familiarise us with the chief characters by which 
waters may be distinguished as grossly contaminated. 

1585. — Jn despatching ivat^r to the Analytical Chemist is it im- 

portant to provide full information regarding Samples 
that care should he taken that no chances of contaminor- 
iion exist ? 

Trained analysts exercise the utmost caution in expressing their 
opinions as to the (juality of waters analysed by them, for they are 
conscious of the importance of their decision. It is but fair then, 
that in sending samples for analysis, such samples should be ac- 
companied by as much information about the water as it is in our 
power to give. In point of fact many analysts will not express 
judgment on a water until they are furnished with this information. 
It is often a w'aste of time and labour to send six or eight Ixittles’of 
water marked A, B, C, &c., without any further reference to the 
water sent. 

1586. — evidence have we indicaiiny the importance of in- 

quiry into the past history of potable water f 

1. The rapidity w ith which different kinds of organic matter 
oxidise is not uniform : and of all the varieties, that which is or- 
ganised and living offers by far the greatest resistance to oxidation. 
Now, the researches of Chauveau, Pasteur, Koch, Burdon-Sanderson, 
Klein, and others leave no room for doubt that the specific poisons 
of the so-called zymotic diseases consist of organised ana living 
organic matter ; and it is now certain that water is the medium 
through which some at least of these diseases are propagated. It is 
evident, therefore, that an amount of exposure to oxidising in- 
ftaences which may resolve the dead or^nic matter present in 
water into innocuous mineral compounds may, and probably wiU|.. 
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fail to affect those constituents which are endowed with life. 
Hence, much organic nitrogen means great risk of the presence of 
these zymotic poisons. The investigations into the cause of the out- 
break of tj^)hoid fever at Lausen, in Switzerland, and at Caterham 
and Redhill, afford a remarkable confirmation of the virulence of 
these poisons. 

2. The oxidising influences to which organic matter in water 
is subjected vary in activity at different times, and it by no means 
follows that because at the time of the analysis the offensive matter 
has already been converted into innocuous mineral compounds, the 
change would therefore be equally complete under future altered 
conditions as regards temperature, exposure to air or vegetation, 
and comparative volume of pure w’ater. So long as there is a 
chance of the purifying effect on the water decreasing, there is al- 
ways a risk of the harmless ** inorganic nitrogen” becoming the 
“ organic nitrogen” of some putrescent and perhaps contagious 
matter. 

1587. — /foil? much water is required for a comq)lete examination ? 

From to 1 gallon. [For a complete qualitative and quantitativ’e 
examination a gallon is needed. For an ordinary examination half 
a gallon, though a much smaller quantity may be made sufficient to 
carry out the more important examinations requisite]. 

1588. — Whot quantities of ivater are requisite for the examination 

under different forms of 'pollution ? 

The following are the quantities of ater necessary for such 
analyses as art* retpiired tor sanitary purposes : — 

Sewage. 1 

Pollutc^d rivers and streams. > One Winchester quart. 

Shallow w’ell waters. ) 

Deep wells. 

Ordinary unpolluted rivers, > Two Winchester quarts, 

streams and springs. J 

Lakes and tarns 7 nn i x 

Mountai.i springs and streams. 1 'V uichester quarts. 

1689. --Tr/ta/ is the hestfo'i'm of hoftlefor the collection of samples 

of water '? 

Best bottle is the stoppered glass bottle known as the Win- 
chester quart. 

1690. — To ensure the perfect cleanliness of the collecting bottle how 

should it he treated ? 

First thoroughly rinse out in caustic alkaloid, then wash in 

water, and t&n treat with strong sulphuric acid, and fill 
with water again. 
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1591 . — Wka^- arrangements should he made in regard to collectmg 

emnplee of water hy the Health Officer and Inspector ^ 

Nuisances ? 

The Medical Officer of health will find it very convenient to 
have a basket containing two or more clear glass-stoi)pered bottles 
placed under the charge of the Sanitary Inspector of the district, 
^e basket should be provided with a padlock fitted with two keys, 
onp of which should l)e in the possession of the Medical Officer of 
health and the other retained by the Inspector. Before forwarding 
the bottles, the Inspector should affix a label to each, containing the 
date and a distinctive number, or certain particulars with regard to 
the source of the water and why it is suspected. For ordinary ana- 
lysis pint stoppered bottles will be found to b(' large enough, 
because, should a greater ouantity be required at any time, two 
bottles can be used instoau of one. 

1592 . — Can a complete analytical examination of water he carried 

out hy an ordinary medical officer 

Not as a rule. An exhaustive analysis of any given sample of 
water can only be conducted in the laooratory and by a professed 
chemist, it would be out of place here to attempt to describe any 
other than easily applied nietnods for arriving at a reliable estimate 
of the qualities of a water and whether it may safely be used. 

1593 . — Enumerate the apparatus required for the analysis of 

water f 

A balance to carry 10() grms. in each ]mn and to turn when 
loaded with half a milligrni. ; a box of gramme weights, 1 platinum 
dish to contain 100 C.C. of water (about 7s.) a (topper water bath 
with holes cut in it for the rece])tion of the dishes, a set of glass and 
porcelain dishes ; a porcelain slab ; graduated flasks, either 100 C.C., 
500 C.C., and 1 litre, or if preferred, 70 C.C. and 700 C.C. The.se 
fiasks have a circular mark scratched on the neck, and contain the 
exact quantity when they are filled up to this mark. Two or three 
retorts, each capacious enough to hold a litre, the retorts should be 
tuViulated and stoppered ; a cop|)er air bath, with a Page's regulator 
and thermometer ; at least two burettes, with stand ; a Liebeg’s 
condenser, with adapter and stand; Nesslerising cylinders ; retort 
holder with universal joint clips; triangular stands; asbestos 
mill-board ; wire gauze ; triangles made of wire, covered with pieces 
of tobacco pipe for the support of platinum or porcelain dishes 
during ignition ; one or two pairs of crucible tongs ; filter paper ; 
corks ; cork-borers ; distilled water ; pure sulphuric acid ; pure 
hydrochloric acid ; pure potash ; potassic permanganate ; silver 
mtrate; potassic ioaide ; potassic c^omate; sulphate of C(^per; 
sine foil; ammonic chloride ; calcic carbonate; mercuric chloride $ 
pure sodic chloride ; sodic hyposulphite ; etc. 
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1594. — Whm com a reliable opinion as to the quality of a wcUer be 

expressed ? 

An accurate opinion as to the wholesomeness or otherwise of a 
drinking water can only be arrived at after subjecting a sample of 
it to a complete examination. This consists in an investigation into 
the physical characters of the water, a chemical analysis (both 
qualitative and quantitative) and a microscopical examination. 

1595. — Write a scheme for a complete investigation into the 

quality of a sample of water. 

The scheme of such an examination may be represented as fol- 
lows : — 

ri. Colour. 4. Lustre. 

A. Physical ... < 2. Clearness. 5. Taste. 

(^3. Sediment. 6. Smell. 

B. Chemical. 


(а) Qualitative. 

Chlorine. 

Lime. 

Magnesia. 

Sulphuric acid as sulphates. 
Phosphoric acid as phosphates 
Nitric acid as nitrates. 

Nitrous acid as nitrites. 

(б) Quantitative. 

Chlorine. 

C Total . 

Hardness i Temporary. 

C Permanent, 
f Total. 

Solids ...< Volatile. 

(. Fixed 


I Ammonia. 

Iron. 

Lead. 

I Copper. 

I Zinc. 

Sulphuretted hydrogen. 
Alkaline sulphides. 


Ozidisahle Ch'ganic matter. 


Ammonia 

Nitric acid. 
Nitrous acid. 



Free or saline. 
Albuminoid. 


0. Microscopical examination. 


D. Biological investigation. 


1596 . — Boesthe foregoing scheme embrace a full examination of 
water ? 

By no means ; for after all these processes have been carried out 
there le a further requirement, — that of an endeavour to cultivate 
any mieroBCopioal vegetable germs that may be present, and aaoer- 
tam their nature. Ihis is termed the morphological or biologiecd 
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MtminqMon. When this also has been accomplished, we are placed 
in a position to give the most reliable and trustworthy opinion as to 
the quality of a «ven sample of water. To carry out these processes 
with accuracy demands that the analyst shall have had a sound 
chemical training, and that he be familiar with the use of micro- 
scopes of high power. Hence the uselessness of lay persons under- 
taking anything but a physical and simple chemical examination d 
water. On the other hand in the vast majority of cases, a sufficiently 
trustworthy opinion can be formed as to the quality of a water, 
after a physical and chemical examination of it has been made by 
a competent person. 

1597 . — Does an examination of water, conducted according to the 

foregoing scheme justify us in expressing an opinion as 

to its quality ? 

It does ; if the description of the locality together with the re- 
sults of physical and chemical characters of water be given and all 
these prove satisfactory, we may declare a water to be useful ; if 
otherwise, the water should be regarded as dangerous. 

1598 . — IF/iai, according to Frankland, constitutes a complete 

quantitative examination of water ? 

Such an exhaustive examination includes : — 

1. The extraction and separate volumetric measurement of the 
dissolved gases. 

2. The separate determination of the weight of each consti- 
tuent of the saline matters in solution. 

3. The determination of the two chief elements of the organic 
matters in solution. 

4. The sejiaration of the suspended matters, if any, and the de- 
termination of their total weight when dry. 

5. The separation and determination of each mineral consti- 
tuent of the suspended matters. 

6. The separation and determination, as far as possible, of each 
organic constituent of the suspended matters. 

1599 . - — What points may he ascertained from a physical exa/mu 

nation of water ? 

Much may be learnt from a simple physical examination, and all 
but experts are obliged to rely on the results of such an exami- 
nation. From a physical examination of water we ascertain the 
colour, clearness, lustre, taste and smell (if any), and the existence or 
not of any visible suspended 'matter or sediment. 

1600 . — How may we conduct a preliminary exa^nination of 

water ? 

By filling a flask of white glass with the water to be examined, and 
comparing its colour with that of distilled water contained in a 
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flask. Next warm some of the water in a test-tube ; shake it, and 
observe if the water possesses any peculiarities. Note its physical 
characters, as to smell, taste, colour, sediment (after standing), sus- 
pended matter, etc. ^ 

1601 . — What w the first step in the physical examination of 

toater 

A portion of the sample collected should be poured, after 
shaking the bottle, into a good-sized clean glass flask. If the flask 
is then held in front of a dark-coloured surface, with a good light 
falling on the side or from above, any suspended impurities will 
become visible, but care should be taken to discriminate between 
them and air bubbles. 

1602 . — Hoio do we investigate the nature of the sediment in icater ^ 

To find out the amount and nature of the sediment, the water is 
to be allowed to stand some time. The ginieral characters of the 
sediment may now be investigated. It may be examined micro- 
scopically, and in this way its exact nature be discovered. It may 
.also be sulijccted to the biological test. 

1603 . — Give a rough method of estimating the suspended ^natters in 

water ? 

Pass a known (piantity of water throiigli filter jiaper previously 
washed in distilled water. The increase in the weight of the 
filter ])apor gives the quantity of total sus})endcd matter in the 
know'll vo1iiTii(‘ of the >vater. Bum the ])aper, and weigh the ash; 
then burn an unused filter pajier })reviously asc(‘rtained to be 
precisel)^ similar to that used and also w'cigh its ash ; the quantity 
of ash in excess of that contained in tin* unused filter gives the 
amount of susjiended organic matter in the water. 

1604 . — How do v: 6 proceed to examine the sediment of watery when 

it is present in very small amounts ? 

When a w'ater is much discoloured from impurities, there is no 
difficult} in obtaining enough of the sedimentary matU'r for micro- 
scopical examination. But sometimes the sediment is so small in 
amount that several slides may have to be examined before anything 
is met with. When this is the case, a long narrow cylindrical glass, 
thoroughly cleaned, should be filled with the water to be examined, 
allowed to stand for 24 hours, and then the water to w ithin from 
the bottom should be siphoned off, and preparations made from it in 
the ordinary way. 

1606 .— may we observe the odour of the water ^ 

A portion of it sliould he poured into a wide-mouthed flask, 
making it about one-third full and then shaking it well. If the 
smell is unpleasant, the w^ater is unfit to drink. Should no smell be 
detected, the flask should be heated, and the water again shaken, 
•and if there is still no smell a little caustic polish should be added to 
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the warm water. Any unpleasant odour which may now bo given off 
indicates with certainty that the water contains organic impurities. 

A smell is usually due to putrefaction, in which the evolution 
of sulphuretted hydrogen and ammonia compounds is taking place. 
Any smell in water is best brought out by heatihg it to about 
100 ® Fahr., and adding a little caustic soda to the water. 

1606 . — What effect has the warming of water as to its odour, if any, 

be 'present ? 

It renders any peculiarity as to smell more perceptible. 

1607 . -TFAa< may he stated tvith regard to the lustre of water ? 

With regard to lustre, the technical terms in use are, adamantine 
and vitreous or dull, words which sufficiently express their meaning. 
The lustre of a drinking water depends on the gases, oxygen and 
carbonic acid dissolved in it. Good water has an adamantino 
lustre ; in other cases it is dull or vitreous. 

1608 . — is the turbidity of vjater ascertained ? 

Turbidity is ascertained by holding a flask of water (say, of a 
litre or quart size) between the eye and a source of light, having at 
the same time some dark object, such as a window bar, in the held 
of vision. It will dejiend on the purpose of an analysis whether the 
solid matter causing the turbidity is to be filtiTed off before the com- 
mencement of the analysis, or is to be shaken uj> and treated as j>art 
of the water. There should be no turbidity in a ^\ater, or, if any, 
this should be due to vegetable or mineral matters and easily 
I'emovable. 

In waters turbid from exceptional causes, and rendered so by 
rust, chalk, or other innocuous mineral matter which would naturally 
settle down, or be separated if a filter were used, the susjieiided 
matter may be filtered off and disregarded. In the case of sew'age, 
liquid refuse from factories, or polluted w atiu- containing solid organic 
particles, the liquid should be passed through a proper filter paper or 
of doulde Sw edish paper, and the residue (dried at 100° C.) weighed. 
The increase in weight gives the “ total suspended matter \ and 
the weight of residue, after ignition, treatment with solution of 
ammonic carbonate, and drying at 150° C. (less weight of filter ash), 
gives the “ mineral suspended matter.” The “ organic suspended 
matter ” is represented by the difference between the two weights. 

1609 . — What are the causes of turbidity in water ? 

Mineral matters of various hues in the soil, through or over 
which water percolates or flows, are the more usual cause of dis- 
coloration and turbidity. Peroxide of iron, in particular, may be 
mentioned as the source of the brown cloudy apfiearance of water 
from the blue clay, as also frequently of the brown colour of pools 
in bog-lands, though this more usually arises from organic matter 
passing into decay. In the coarser sediment under such circum- 
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stances, the microscopic forms of animal and vegetable life are 
likely to be abundant, [vtgf., Rotifera, Infusoria, Rhizopods, Oscilla- 
toria, Desmids and Diatoms). In ferruginous bog-water also the 
twin spiral filaments of Didymohelin, invested with a yellowish -brown 
gelatinous matter, and Liptothrix ochrea, a rather ill-defined myeloid 
structure, may add to the general effect. By reflected light, more- 
over, the fine amber tint oi the Diatomacemj floating or resting, is 
quite brown, some of the heterogeneous materials usually occurring 
in bog-water. 

X610. — How may we examine water as to clearness ? 

This IS best done 1)y filling a good sized flask, 1,200 — 
l,r>00 C.C. capacity, with the water The flask is now to be 
held in front of a dark-coloured or black wall, a strong light 
falling on the flask from one side or from above. Care must be 
taken not to confound minute bubbles of air with suspended 
matter. Any water that is not clear and transparent, cannot be 
reckoned as one of the first order. Dissolved or finely-suspended 
particles of colouring matter will reduce the natural clearness of 
pure water, as will also finely-divided and siispended mineral 
matters. Most of such susjxsnded matters subside on allowing the 
water to stand, but fine particles of calcareous salts, and of mica, etc,, 
may not subside, 

1611. — In investigating the colour of water Iww do we proceed and 
what conclusions may we arrive at ? 

For this we use narrow cylindrical, clear glass vessels, about 
2 feet in height. Wc fill one with the water under examination, and 
the other with distilled water for comparison. We place these in a 
good light, on a white slab, or on some white printed paper, and see 
if we can read the print below. 

As a rule, water should have no colour, excejit a bluish tint when 
viewed through a dejith of two or more feet. Waters are often 
slightly greenish, due to cellular algw, and such waters are not 
considered impure on this account. Waters of a yellowish or a 
brownish colour are to be looked upon with suspicion! A yellowish 
hue is often due to jieat, in which case the water, although unplea- 
sant, is innocuous and may be used. A brownish or yellowish hue 
may be due to iron ; it then has a chalybeate taste ; even one-fifth of 
a grain to the gallon gives this taste. A similar colour may be due 
io sewage contamination. 

The colour and degree of turbidity are important indications. 
Perfectly pure water has a bluish tint, and permits of the bottom of 
the vessel being distinctly seen even at a depth of several feet. 
Turbidity, usually described as very slight, slight, turbid, and very 
turbid (VST., STT., andVT.), obscures it, ana a blue-green, green, 
yellow-green, yellow, yellow-brown, or brown hue, similarlj^ described 
by initial letters, indicates less or more organic pollution. Some 
-chemists mark the depth of each tint by adding the numerals 0, 1, 
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2, and 3, and Messrs. Okookes, Odlixg, and Tidy employ two wedge- 
shaped hollow glass vessels filled, one with a brown and the other 
with a blue solution, and made to slide across one another in front 
of a circular aperture in a sheet of metal, by which means any 
desired combination of brown or blue can be obtained. Each prism 
is graduated along its length from 1 to 50, these figures indicating 
the thickness of the solution at that particular point in millimeters. 

1612 . — Does the sense of taste help its in testing the quality of 
water ^ 

The taste of a drinking water depends, as a rule, on the gases 
dissolved in it, and not on the mineral salts it contains. The taste 
should be agreeable and as a rule not distinctive* of any special sub- 
stance. It may be said that any water in which the mineral matters in 
solution are recognised b}^ the palate is unfit to drink. An ordinary 
drinking water contains from 20 to 25 gi-ains of common salt to the 
gallon. It requires about three times this (piantity to be recognisa- 
ble by the sense of taste. 

Taste is an uncertain indication. Any badly tasting water 
should be rejected or ])urified before use. Suspended animal organic 
matters often give a peculiar taste, so also vegetable matters in 
stagnant waters. Some growing plants, as levinia and pistla, give a 
bitter taste ; )mt most growing jdants have no taste. Dissolved 
animal matter is frequently quite tasteless. As regards dissolved 
mineral matters, taste is of little use. and differs much in different 
Iiersons. On an average — 

Sodium chloride is tasted when it reaches 75 grains per gallon. 


Potassium „ „ 


19 

Magnesium ,, „ 

,, 5U to 55 


Calcium sul])hate „ 

25 to 3b 


carbonate* „ 

H) to 12 „ 


,, nitrate ., 

15 to 20 ., 

yy 

Sodium carbonate ,, 

„ fiO to t)5 


Iron „ 

„ 0-2 

19 


Iron is thus the only sulistance which can lx* tasted in very 
small quantities. A permanenth hard water has sometimes a 
peculiar /adc, or slightly saline tti.ste, if the total salts amount to 35 
or 40 grains per gallon, and the calcium sulphate amounts to 0 or 8 

f rains. Tlie taste of good drinking W'ater is due entirely to the 
issolved gases ; water nearly free from carboni(t acid hardness, 
such as distilled water, is not so pleasant as the brisk well-carbonated 
waters ; it may be called flat, but it i.s difficult to define the kind of 
taste or absence of it.* 

With regard to taste, it is sufficient to say that a badly-tasting 
water should be condemned for drinking purposes. Many waters, 
however, which are largely impregnated with dissolved animal 
impurities may be quite palatable. 


Pabkbi* Brgctieal Hygiene, 7th Ed. 



XVI.] PHYSICAL EXAMINATION. S91 

1613 . — IVkat may he said as regards the keeping power of a good 
water ? 

A good drinking water when kept in a bottle loosely plugged 
with sterilised cotton wool, should not become putrid, nor deposit 
anything beyond a trifling amount} of chalky matter. 

1614 :.— Caw n reliable opinion be expressed from a physical and 
chemical examination of water ? 

In the majority of cases, a sufficiently trustworthy opinion can 
be formed as to the quality of a water, after a chemical and physical 
examination of it has been made. Further, much may be learnt 
from a simple physical examination, and all but experts are obliged 
to rely on the results of such an examination. 

1615 . — What may be stated of a water which gives negative results 

in its physical examination f 

We may ordinarily regard such a water as of good quality. 
If we are at all doubtful as to its characters, we should have it 
subjected to both a qualitative and quantitative chemical examina- 
tion. We would repeat however that the senses are unreliable judges 
in estimating the wholesomeness of a water. 

Although the physical characters give only an imperfect idea of 
the value of a water, they are yet important when no further exami- 
nation can be made. If a water be colourless, clear, free from 
suspended matter, of a brilliant (or adamantine) lustre, devoid of 
smell or taste, except such as is recognised to be the characteristic . 
of good potable water, we shall in the large majority of cases be 
justified in pronouncing it a good and wholesome water ; whilst, 
according as it deviates from these characters, we shall be propor- 
tionately justified in regarding it with suspicion. Suspended matter 
is probably the most dangerous, but it may well be that minute 
particles, the “ resting spores ” of disease-causing organisms, may 
exist without revealing themselves by any visible turbidity (or even 
to a cursory microscopic examination). 

Altogether, the physical examination of water is of a negative 
character, and although it may impart some useful information, it 
cemnot be relied upon in arriving at a sound conclusion as regards 
the good or bad qualities of any given sample. 

1616 . — How marj we classify tvaters ^ 

Into: — 1. Tureen water of first quality, usable without any 
further preparation. 

2. Usable, or becoming so by filtration, is not a first clear water 
as it fails in certain points. 

3. S nspicious, in which although the water nmy not be dangerous 
it should be used cautiously, and before using should be thoroughly 
examined chemically and microscopically, 

4. Impure, which should be absolutely condemned. 



« t*ihle indicating the chief physical characters of the waters according to the foregoing 
classification^ 
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XeiB.— Give a sketch of the various constituents of drinking 
water ? 

A, — Gaseous. B , — Dissolved solids. G . — Suspended matter. 
^.—Gaseous constituents : — 


1 . 


Useful gases, 
CO, ^ 


JO,) 

N 3 


of air. 


2. Noxious gases. 

H,S ) 

(NH 4 )oS > products of decomposition. 

NH 3 3 

B . — Dissolved Solids: — 

Mineral : 1 . — Salts of Calcium Magnesium. 

2. Organic: HNO 3 i , 

HNO > products 01 organic 

NH. Salts ) oxidation. 

0. — Suspended matter : — 

Organic : 1 . Capable of putrescence or putrefaction. 

2. Incapable of putrescence or putrefaction as 
urea, fatty acids, etc. 

leiO.^Whencs are the 'present natural waters obtained ? 

The purest water which can be collected from drainage, is 
found in the barren moorland districts of the primary geological 
formations or of the sandstone rocks. 

1620 .— How may we classify the origin of the impurities of the 
water ? 


The origin of the impurities m water may be conveniently 
referred to four heads, viz. : — ( 1 ) substances derived from the source ; 
( 2 ) substance, added during the flow of the water in rivers, canals, 
aqueducts, or other conduits ; (Jl) imjiurities caused by storage in 
reservoirs or tanks ; and (4) substaiiee.s added during distribution 
from reservoirs either in pipes or water barrels, or in bouse 
cisterns.* 


CHAPTEK XVII. 

Examination of Water — continued. 

Qualitative Chemic-il Examination of Water. 

1621 .- is the reaction of water ? 

Nearly all waters are alkaline, and strike therefore a yellow 
cpiour witn methyl orange, a dark red with cochineal. If acid, the 
colour with methyl orange is reddish orange, with cochineal of a 
yellow tint. 


* Practical Hygienty 7th Ed. 
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1683.— i7ou) is the reaction of water determined ? 

This is determined by litmus and turmeric papers — ^water of 
acid reaction giving a red colour to blue litmus pa])er, alkaline water 
turning turmeric paper brown. 

Water is usually either faintly alkaline or neutral in reaction. 
If there be acidity which disappers on boiling, it is due to carbonic 
acid gas. On the other hand, if the alkalinity disappears on boiling, 
it is due to ammonia. Permanent alkalinity is due to carbonate of 
soda. [Rain water and peaty waters are generally slightly acid in re- 
action. If it be desired to determine the extent of acidity of a water, 
this may be done by placing half a litre in a flask provided with a 
reflux condenser, and boiling the water vigorously for fifteen minutes 
or so, to expel carbon deoxide. The acidity is then determined 
by running in decinonnal soda solution from a burette, using phenol- 
phthalein as an indicator. Some analysts prefer to use methyl- 
orange to determine the point of neutrality. By operating on two 
separate half litres, using the two indicators respectively, a distinc- 
tion may be made between mineral and orgainc acids.] 

\B23.— What is the test for chlorine in water ^ 

The presence of chlorine is determined by acidifying water with 
a little dilute nitric acid, and adding a few drops of nitrate of silver 
solution. One grain to the gallon gives a haze ; four grains give a 
distinct turbidity, ten grains a slight, and twenty grains a consider- 
able precipitate. 

1624. — What is the test for nitrous dcid as nitrates in water ^ 

A solution of pure iodide of potassium, followed by some freshly 
prepared starch solution is added to the water, and this again follow- 
ed by some sulphuric acid. A blue colour is developed. The colour 
should be immediate. Make a comparative ex{)eriment with distilled 
water, 

1625. — What is the ordinary qualitative test for nitric acid as 

nitrates in water ? 

Mix a little of the water with twice its bulk of pure sulphuric 
acid. This sets free the nitric acid from its combinations ; then add 
a few drops of the solution of brucine — a pink and yellow zone occurs 
at the junction of the water and acid. The sulphuric acid should 
be poured down the test tube gently, so as to form a layer beneath 
the mixed w ater and brucine solution. Half a grain of nitric acid to 
a gallon gives a marked pink and yellow zone. This is a very deli- 
cate test. Another method is to evaporate down two cubic centime- 
tres of water to dryness, add a drop of pure sulphuric acid and a 
minute crystal of brucine. The same reaction takes place, and by 
it *01 of a grain to the gallon can be easily detected. In the above 
test, if a solution of pyrogallic acid be employed instead of that of 
brucine, a pink zone, turning purple, will be observed. 

1626. — What is the relation of nit/rates to water f 

Almost all waters contain a certain amount of either nitrate of 
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sodium (cubic nitre), or nitrate of potassium (saltpetre), or nitrate of 
lime (calcareous nitre). Nitre is an oxidised product of decomposed 
dead animal and vegetable matter. In the quantities in which it is 
usually found, it is not only not harmful, but probably beneficial to 
man and animals using the water, and it forms part of the food of 
all plants, the juices of which invariably contain some of it. 

1627. — What is the test for in water ? 

A solution of a salt of lead added to the water gives a black 
precipitate. When the water is heated, the smell of sulphuretted 
hydrogen may bo perceived. 

1628. -- 117/, is the best test for the presence o f sulphides in water ^ 

Nitro-})rus 8 ide of sodium gives a black precipitate with lead, 

but the absence of colour with nitro-prusside shows that the sul- 
phuretted hydrogen is uiicombined. 

1629. — What is the test for the presence of sulphuric acid as sul- 

phates in water ^ 

The test for sulphuric acid in water is carried out by adding 
some dilute hydrochloric acid and chloride of barium • grains of 
a sulphate give no jirecipitate until after standing, 3 grains give an 
immediate haze, and after a time a slight precipitate. Dilute nitric 
acid and nitrate of barium may be used as reagents for the same 
purpose. 

1630. — Howmay we estimate the amount of sulphuric acid by weight ? 

Take a known quant it v of the water (500 to 1000 C.C.), acidify 

with hydrochloric acid and evaporate, but not so far as to run any 
risk of throwing down sulphate of calcium , filter; and then add chlo- 
ride of barium ; allow to stand, and w'ash the precipitate by decanta- 
tion ; drj' ; weigh; multiply precipitate by ’34305 to get the amount of 
sulphuric anhydride (SOa ) or by '411, if it is wished to calculate it 
as SO 4 . 

1631. — How may we estimate the sulphuric acid by the soap test ? 

This plan was projio.sed by Boutrox and BoimET, and is briefly 

as follows : — The hardness of the water being known, 50 C.C. of 
the standard barytlc solution (*20 grammes per litre) are added to 
50 C.C. of water, and the mixture is allowed to stand for twenty -four 
hours. The hardness (supposing no SOj ivere pre.sent) would be 
exactly eiiual to the original hardness of the water and of the 
barytic solution combined. But SOt being present, barium sulphate 
is precipitated, and there is a loss of hardness. Each degree of loss 
equals *24 mgm. of sulphur tetroxide (SO 4 ). 

1632. — irw is the significance of sulplicUes in vmter ? 

If unassociated with any special geological features which would 
account for the presence of an unusually large amount of sulphates, 
l^eir existence in excessive quantity, taken in conjunction "with 
chlorides, organic matter, ammonia, etc., is corroborative evidence 
of sewage contamination. 
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1638. — What is the best test for phosphates f 

The molybdate of ammonia test. We take a little dilute HNO. 
and a little solution of molybdate of ammonia, the solution is heatea 
and it gives a marked yelloio colour, the formation of “ ])hoaph« 
molybdic acid,” which is yellow. The difficulty is to get the reagents 
quite pure for they give reaction to phosphates ; therefore test the 
reagents first and compare the solution test in depth of colour. The 
water to be tested may require to be boiled down to or even 
^ of its volume, 250 C.C. being boiled down to 5 C.C. before the 
presence of phosphates can be elicited with the reagent. 

The test solution for the molybdic test maj^ also be made by taking 
some pure molybdic acid and dissolving it in solution of ammonia 
(*960 sp. gr.). Filter, and then pour the .solution into nitric acid 
(1*20 sp. gr.). Keep the solution in the dark, and decant, if neces- 
sary, from any precipitate. 

1634.- What is the indicat ion from the presence of phosphates ? 
Phosphates may be present in water where tlierc is sewage 
pollution, but they seldom exist, except in the smallest traces, as 
phosphates, being acid .salts, are incompatible with calcium carbon- 
ate. Where sewage jiolluticm is sus])ected they should be always 
tested, for phosphites usually point to remote animal pollution, and 
so their mere presnee without other reasons does not justify the con- 
denmation of the water. 

is the test for lime in water ? 

The addition of a solution of oxalate of ammonia to water contain- 
ing lime gives a white precipitate ; 6 grains of bme to the gallon gives 
a turbidity only ; with 16 grains there is a considerable j)recipitate. 

1^30,— What is the test for iron hi water ^ 

Red and yellow prussiates of potash give a blue precipitate. 
The red prussiate is used for ferrous, and the y(dlow’ for ferric salts. 

1637 . — Briefly state how we may test for lend, iron or copper in waterf 
Acidify the water with hydrochloric acid and add sulphuretted 
hydrogen solution. Any browui colour developed, shows the presence 
of lead or copper. Add ammonia Sulphide solution. This produces 
a dark colour, not cleared up by hydrochloric acid. Place some 
water (1(K) C.C.) in a white dish, and stir up with a rod dipped in 
Ammonia sulphide, wait till the blue colour is produced, then add a 
'drop or two of hydrocholoric acid. If the colour disappears, it is 
due to iron ; if not, to lead or copper. 

Sulphuretted hydrogen gives a white precipitate if zinc is pre- 
sent. This test is not available if there be iron present, or should 
the water lie alkaline. It only holds good for prefectly neutral waters 
‘Containing zinc. 

1333.— How is the presence of ammonia determined in watei' t 
For the determination of ammonia, we add a few drops of Hess* 
ier*s section to the water. A yellow colour or yellowish-brown 
precipitate occurs, in accordane with the amount of ammonia pre- 
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sent. By experience we learn the amount of ammonia present from 
the degree of colouration produced in this reaction, although for 
exact analysis the quantitative method must he employed. If the 
ammonia is small in quantity, several inches in depth of water should 
be looked through on a white ground. 

1639 - — Give a rough test for the presence of organic matter. 

A few drops of permanganate of potash (Condy’s fluid) mixed 
with water containing organic matter, imparts to ^t a dull, cloudy 
appearance, after an interval varying from a few minutes to a few 
hours, according to the foulness of the water. 

1640 . — IF/mt are the ordinary testa for the presence of oxidisahle 

matter including organic matter in water ? 

About 250 cubic centimetres of the water is eva])orated to dry- 
ness in a porcelain or platinum vessel. By further heat, the residue 
assumes a brown or black colour if much organic matter is present, 
and if nitrogen is present in the water, the smell of ammonia is de- 
tected. A solution of potassio-gold chloride produces a colour pass- 
ing from rose })ink to violet, to olive, and ultimately a black preci- 
pitate takes place The water, which should be neutral or feebly 
acid, must be boiled for *20 minutes with the gold chloride. If no 
nitrous acid he present, the r(‘action may be considered due to 
organic matter. Add to a few ounces of the water, sufficient dilute 
solution of jiermanganate of jiotassium to produce th(' faintest tinge. 
In the })r(‘sence of organic matter, the solution will gradually be- 
come decolorised, the rapidity with which it does so depending upon 
the amount and characters of the organic matter present. In the ab^ 
sence ot nitrites, the reaction indicates organic matter , if the action 
he rapid, it is probably animal ; if slow, it is jirobably vegetable. 

The presence of micro-organisms in the water may be detected 
microscopically after allowing the water to stand in a long narrow 
jar for six hours, and using the lowe.st ^ inch of water for the pur- 
pose. 

1641 . — What is meant by degrees of hardness ^ 

By degrees of hardness we signify that a definite quantity of 
water decomposes a certain number of cubic centimetres of a stand- 
ardised soa]) solution. Thus 10 degrees of hardness means that 
10 C.C. of the standard soaj) solution have been used ; that is, each 
C.C. of solution = 1 degree of hardness (Fkankland's scale.) Each 
degree of hardness causes the destruction of 2^ oz. of soap in 100 
gallons of water used for washing clothes. 

1642 . — How may we roughly estimate the relative degree of hardness ? 

A rough means of judging the relative degree of hardness of 

any sample of water, consists in placing a small quantity in a test- 
tube, ana adding to it a few drops of a standard solution of soap in 
alcohol, when a white turbidity will make its appearance, the in- 
tensity of the turbidity depending upon the degree of hardness. 



1643 . — Give a tcAle for the qualitative examination of water ? 
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— Can toe, as the result of chemical analysis^ determine that 
a given sample of water is wholesome ? 

We cannot, although we may state (when such is the case) 
that^ specimen is unwholesome. Chemical analysis gives complete 
information as to the chemical impurities of water. As far as 
organic matter is concerned it is not quite satisfactory, for it does 
not distinguish dangerous from comparatively harmless bodies. 
Nevertheless, if water is polluted by lethal impurities it contains 
associated impurities which show it chemically as dangerous. There- 
fore we reckon that chemical analysis is not infallible, but it is un- 
doubtedly the best means wo at present possess of estimating the 
wholesoraeness or otherwise of a water. The qualities of organic 
matter cannot be definitely settled by a chemical analysis alone. 
Local and chemical examinations of water must, therefore, always 

f o together ; either alone may often be enough to condemn a water, 
ul l)Olh are always required to prove sufficient grounds for a 
positive opinion of purity and safety of a water. 

We cannot entirely pass over the question of the importance, 
from a sanitary point of view, attaching to a' few of the chief im- 
purities, though we must insist on the fact that the chemical com- 
position alone is no real evidence of its wholesomeness, since 
analysis can only show the quantity and not the nature or condi- 
tion of the organic matter. For instance, an amount of some 
specific pollution, as of enteric or cholera evacuation, or some 
particular fungoid organisms, may be too small for recognition by 
the chemist, or, at any rate, may not appreciably increase the total 
organic impurity, and yet be not merely injurious but actually 
poisonous. The total solids convey no further information than 
the fact of the hardness of a water, which may be of a perfectly 
innocent character as in the chalk waters, or such as to unfit it for 
drinking, as in the case of many liassic and gypsum waters. 

When the analysis is for the purpose of stating wdiether 
•a special kind of water is fit for the general supply of a town, then 
a great many considerations come into operation. The exact 
mineral character of each supply should be registered. 

If a water be dirty, a knowledge of its history and, of course, 
•of its mineral constituents may be of assistance in forming a judg- 
ment as to the degree of risk attendant in its employment for 
domestic use. 

1645 . — Can we rely upon the results of a chemical examination of 
Wider as to Us usability ? 

Not absolutely, for it may fail to detect small quantities of the 
specific germs of disease such as micro-organisms. It is quite 
possible that a water may contain the maieries morhi of enterip 
lever, cholera, or malarial diseases, and yet not be detected by 
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chemical analysis ; or even pass as a first class water under the same 
circumstances. 

1646.— IVAat are (he chief tuea of chemical analysis of water f 

1. A simple analysis shows us the nature and quantity* and 
impurities of water of a given specimen of water ; 

% Repeated analyses are required to indicate change in water 
from the same source or different sources, or other conditions ; and 

3. They show the best form of testing the condition and eflBcacj 
of filters. 

1647- — What varieties of impurities may he found in water ? 

Mineral, vegetable, and animal. 

1648. — Which of these is the most dangerous ? 

The animal imparities have till recently been considered the 
most dangerous, but if we accept the germ theory of disease, we are 
forced to recognise pathogenic fungi as the most dangerous impuri- 
ties, and these are of a vegetable nature 

1649. — What is Prof. Fkankland’s standard of maximum im^ 

•purity alloivable in a drinking tvater f 

(a) Suspended matter. More than 1 part dry organic matter 
or more than 3 parts dry mineral matter in 100,000. Perfect rest in 
subsidence jionds for at least six hours is also required. 

(b) Dissolved matter. More than 2 parts of organic carbon 
or 0*3 of organic nitrogen in 100,000. 

(c) Colour. Any distinct colour in depth of 1 inch when 
examined by daylight in a white vessel. 

(d) Metals. More than 2 parts of any metal (except calcium, 
magpiesium, potassium or sodium) dissolved in 100,000 parts. 

(e) Arsenic. More than 0 05 of arsenic in any form per 

100,000. 

(/) Chlorine. More that 1 part of free chlorine (after addi- 
tion of sulphuric acid) per 100,000. 

ig) Sulphides. More than 1 part of sulphur as sulphides per 

100 , 000 . 

(h) Acidity. More than that caused by 2 parts of hydro- 
chloric acid per 100,000. 

(i) Alkalmity. More than that caused by 1 part of caustic 
soda per 100,000. 

0 ) goiter. More than 0*05 parts of petroleum or hydro- 
carbon oil suspended in 100,000 parts, or any film of oil upon tlie 
surface. 
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1650. — Ob tabula/r view of inferences to he drawn from a 
qualitative examinaidon^ 



Chndisable matter by 
gold chlonde or 
silver chloride. 

Nitrates, 

Nitrites. 

Ammonia. 

Phosphates. 

Sulphates. 

Classification of 
water. 

K£&U.lbKA. 

! 

Slight. 

Slight. 

Nil, 

mL 

mi. 

mi. 

I Trace. 

Good. 

A perfectly pure 
water. 

Marked JSd or 

1 trace. 

mi. 

Nil. 

Marked 

Present 

Trace, i 

I 1 

Good. 

A good water, 

, probably from 
a deep well. 
Probal^ old ani- 
mal contami- 
nation. 

Marked 

Slight. 

Marked 

NU or 
trace. 

Trace. 

Trace. 

j Trace. 

Usable 

Large. 

, Slight. 

( 

Ntl or 
trace. 

mi. 

mi. 

mi or 
trace. 

' Marked 

Usable 

1 

Probably some 
contamination 
with sea-water. 

Slight. 1 Well 

marked 

Marked 

1 

Nil. 

Nil. 

1 mi or 
trace 

Nil or 
trace. 

Usable 

1 Probably vege- 
table impurity ; 

I peat ? 

Marked 

JVi/or 1 
trace. 

Marked 

Nil or 
trace. 

Marked 

Marked Marked 

1 1 

! 1 

i 1 

Suspi- 

cious. 

i Probably a shal- 
low well, con- 
taminated with 
urire. 

Slight. 

Marked! 

1 

Preeont 

Present 

Marked 

Trace. 

f 

1 Trace. 

1 

Impure. 

Probably water 
contamin at ed 
with sewer 

gases. 

Marked 

Large. 

Marked 

[Marked 

Marked 

1 Marked^ Marked 

Impure. 

Water contami- 
nated with sew- 
age.* 


ISBl.— What are the 'principal difficulties in the way of the satis- 
factoi'y chemical examination of surf ace waters 

The difficulties are three in number : In the first^ place, the 
volume of water is generally so large that, oven when polluting 
matter is known to be present, the dilution is so great as to prevent 
the detection of uiim is taken evidence of contamination. In the 
necond place, all surface w aters contain more or less of organic 
Bubstances — substances containing carbon and nitrogen — which it 
is impossible to refer definitely to animal or vegetable sources, or 
otherwise to distinguish as harmless and harmful. In the third 
place, the water of such streams and ponds is subject to very con- 
siderable variation, so that the examination of a single sample is of 
comparatively little value. It may be possible, it is true, to state 
from the chemical examination of a single sample that no consider- 
able or no appreciable contamination exists ; it is impossible to 
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recommend a water for drinking without knowing somthing of the 
situation and surroundings of the source from which it is taken. 

1652 . — What bodies should he absent from a good drinking water f 
Nitrites, nitrates, ammonia and its salts, metallic salts, excess 

of organic matter, alkalies, sulphides, and Hg S (sulphuretted hydro- 
gen), 

1653 . — la it desirable that the water drunk should he chemically 

•pure ? 


No ; a certain amount of mineral salts and free aeration are 
requisite in order that water may be palatable. 

1654 . — TT/iae is the general state of qualitative solutions ? 

Qualitative solutions, and, generally, solutions that are not 

titrated or graduated, are saturated, unless otherwise specified. 

1655 . —^ a sample of alleged contaminated water were brought to 

you, what ready means would you adopt in order to ascer^ 
tain the presence of inorganic impurities ? 

Inorganic impurities are minerals, such as lead, copper, zinc, 
etc., and the simplest method would be to pour out a ])ortioii into 
a white porcelain saucer, and treat it by chemical precipitation. The 
presence of lead, copper, or iron, is ascertained by adding a drop 
of ammonium sulphide, a dark discoloration showing that one or 
more of these are present. If it is iron, the addition of a few drops 
of HCl will cause the dark colour to disappear, if lead or copper, 
the colour remains and the water is unfit for use. For zrmc, 
sulphuretted hydrogen gives white precipitate if iron is not 

f resent. For lime, oxalate of ammonia gives a white precipitate. 

’or chloride of sodium, nitrate of silver and dilute nitric acid 
give a white precipitate becoming of a lead colour. For the various 
other inorganic impurities of water, other tests both quantita- 
tive and qualitative are available. Some of the tests involve a 
knowledge of chemistry and supply of chemical ma^tTVo^J to be 
found only, in the laboratories of those conductiij'^^’ ^.nal^iiical 
processes systematically. ^ 

1656 . — Give the steps for rapidly carrying fafter^^*^ 

water, ■ \ 


This is best done by shaking up some of the u‘ L 
with a short and wide neck, about one-third full, air®'^:ien iia %ng 
the air in the upper part of the flask. Should it sme^ disagij pie 
in any high degree, the water may be said to be ^infit to nif*0k. 
Now warm the water slightly and smell again ; warding will ol.. n 
bring out the smell of a water when none could be. detected in the 
cold. Now add a little caustic potash to the ^3'^ water; should 
this cause any unpleasant smell, wo may be sure that the 

water contains organic matter in some quarrtTty. Notice if a 
precipitate occurs on the addition of the potash, if so, whether 
much or little, whether coloured or white. The occurrence of a 
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precipitate indicates hardness, the colour may either be caused by 
organic colouring matter in the water or by iron. 

Add Nessler’s test to about 100 C.C. of this water, either in a 
cylinder or small flask. Should this produce a yellow or brown 
colour or a brown precipitate, the water contains ammoniacal salts 
or rather organic matter. This is a most suspicious circumstance, 
e;nd is almost enough in itself to condemn the water for drinking 
purposes. 

Add iodide of potassium, acetic acid, and starch paste to 100 C.C. 
of the water. A blue colour indicates nitrites, which also is a 
most suspicions circumstance, and should the colour be at all deep, 
the water can hardly be fit to drink. It is to be noted that inasmuch 
as iodide of potassium often contains iodate, the acetic acid, starch 
and iodide should be mixed before adding them to the water, so as to 
make sure that the colour is really produced by the water, and not 
by any iodate that the reagent may contain. 

Boil about 100 C.C. of this water in a flask, with a few drops 
of sulphuric acid, remove from the source of heat and add 
sulphuretted hydrogen water. Should a brown or black coloration 
be produced, the presence of lead or copper may be inferred, and 
the water condemned (bismuth, mercury and silver would, of 
course, give the same reaction, but are hardly likely to be present). 
Should no colour be detected, add a little ammonia or potash. 
Should this jiroduce a blackish precipitate, iron is almost sure to 
be present. 

Boil a little of the water for a few moments with red litmus. 
Should the litmus not turn blue repeat the operation with blue 
litmus. We learn from this whether the water has aii alkaline 
or an acid reaction. This observation is seldom of importance, 
except when the water comes from manufacturing districts, it is 
then often of tlie greatest value. 

The preliminary examination described above takes up a very 
short time, and gives us much information. It does not require 
more than C.C. ot water, and ma 3 ^be conducted with less. 

The water used in the examination for clearness, colour, etc., is 
not reckoned, liecause it can be era])loyed afterwards in other parts 
of the analysis. 

We lUH}^ here remark, tliat if a water contains suspended mat- 
ter, it .should in our oiiinion, be analysed with that suspended mat- 
ter in it, but the water sliould be examined both before and 
after filtration. The difference between the two results is the 
value for suspended matter. This double examination extends 
only to tho total solid residue and the organic matter. The nitric acid 
and chlorine will not be affected by the .suspended matter, A 
^ slight difference will sometimes be found between the hardness 
before and after filtration, but it is not of sufficient moment to 
render a second determination requisite. 
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1657 . — WhatiBih^natiirB of dissolved wipuritiee f 
They may be gaseous or solid, and the solid may be organic or 
inorganic. 

1668 .— Give a simple 'method for determming the presence of recent 
sewage contamination. 

On the addition of Condy’s fluid the colour rapidly disappears 
in consequence of the presence of much fresh organic matter. 


CHAPTER XVm. 
Examination of W ater— continued. 


QXJANTITATn E ANALYSIS OF WaTER-InTKODUCTION. 

IBBB.^What is the object aimed at in an examination of water for 
hygienic purposes ? 

The analysis of water for hygienic purposes has for its object 
to ascertain whether the water contains any sulxstances either sus- 
pended or dissolved which are likely to be hurtful. There are some 
substances which w'e .know are not likely to do any harm, such as 
carbonate of sodium, calcium, and magnesium m small quantities. 
Others are at once viewed with suspicion as indicating an animal 
origin, and, therefore, being probably derived from habitations or 
resorts of men or animals, or from decaying bodies. In other cases 
substances in themselves harmie.ss, such as nitrates, nitntes, and 
ammonia, are suspicious from implying the co-existence of, or the 
previous contamination of the water by nitrogenous substances. 
The difficulties in the hygienic examination of water are not incon- 
siderable. A judgment must be generally come to from a collation 
of all the evidence, rather than from the results of one or two tests. 

1660 . — Gfm we rely upon the results of a chemical and physical 

examination of v:ater as to its usability 

Not absolutely, for it may fail to detect small quantities of the 
specific poison of disease, such as micro-organisms. It is quite 
possible for a water to contain the materes morhi of enteric fever, 
cholera, or malarial diseases, and yet fail to be detected by chemical 
analysis. 

1661 . — are the more im^wrtanf processes conducted in a 

quantitative examinaiion of water ? 

The quantitative processes which appear, in a hygienic sense,, 
to be most useful are as follows ; — 

Determination of — 

1. JHssohed solids, (a) Total. (&) Fixed, (c) Volatile. 

2. Chlorine. 
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3. Hardness, (a) Total. (&) Fixed, (c) Temporary or 

removable. 

4. Free or saline ammonia and nitrogenous organic matter^ 

as represented hy^ 

(a) Free ammonia. 

(h) Albuminoid ammonia. 

5. Oxidisahle matter and products of organic oxidation. 

(а) In terms of oxygen required for total oxidisahle 

matter. 

(б) 111 terms of oxygen required for organic matter 

only. 

(c) Nitrous add. 

(d) Nitric acid. 

C). Phosphoric acid in phosphates. 

7. Sulphuric acid, silica, iron, and the alkaline carbonates 
may be determined, but are seldom required. 

1662 . — What points are estimated and inquired Into during an 

ordinary quantitative examination of water ? 

Total solid matter, hardness, (temporary and permanent), 
chlorine, ready-formed ammonia, nitrogen existing in organic mat- 
ter or “albuminoid ammonia,’' and nitrogen in the form of 
nitrates and nitrites. 

1663 . — 'ording to the R. P. G. what pariicula/rs as to water should 

he inquired into in conducting a quantitative analysis ? 

1. Organic carbon^ 

2. ,, nitrogen. 

3. Ammonia. 

4. Nitrogen in combination with oxygen, as in nitric and 

nitrous acids. 

5. Total combined nitrogen. 

6. Colour. 

7. Hardness (ascertaining the nature of the hardening con- 

stituents). 

1664 . — How may we estimate purity of water ? 

The only safe way of arriving at a conclusion with regard to 
the quality of a water is to consider the analyst’s report together with 
the possible sources of pollution, nnd, for this reason, it is most desir- 
able to send a full account of the surrounding conditions with the 
sample. 

1665 . — What are the dificuliies connected with an exact and com- 

pleie chemical analysis of water ? 

The exhausiwe chemical examination of a sajjnple of water is one 
of the most tedious and troublesome operations known to chemists. 
It requires weeks, sometimes even months, for its completion. 
This arises partly from the great multiplicity of separate sub- 
stances whicn may be present in the water, both in solution and in 
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suspension, partljr from the very minute proportion in which these 
substances sometimes exist, and partly on account of the difficulties 
attending their exact determination. 

1666. — in^i amount of water is required for analysis ? 

One Winchester quart. [Seventy C.C. is used for each distinct 
operation, with one or two exceptions. A gallon contains 70,000 
grains. Seventy C.C. is styled a “ miniature gallon.”] 

1667. — In general terms what may he said to he the effects of impure 

water on public health ? 

Although impure water has long been recognised as one of the 
most potent causes of disease, it is only of recent years that 
minute investigation has succeeded in demonstrating the terrible 
mortality which it inflicts on all classes of the community. It is 
true that chemical analysis often fails in detecting the special im- 
purities on which the development of certain diseases de[)endB; it is 
also true that, even when impurities are detected, it is extremely 
difficult to estimate their exact etiological value ; nevertheless, the 
broad fact remains, and it is founded on evidence of the most con- 
clusive kind, that a large number of cases of disease are attributa- 
ble to the use of impure water, and there are good grounds for 
believing that, as inves^tigations become more frequent and precise, 
a continually increasing class of such cases will be discovered. It 
must also be remembered that the effects of impure water, like the 
effects of impure air, may engender a general impairment of the 
health, without giving rise to well-pronounced disease. 

When carrying out a qualitative and quantitative examination, 
we may conduct these under the several headings of chlorine, nitrates, 
nitrites, etc., ((jualitative), and solids, ammonia, etc., (quantitative). 

A determination of the nature of these is not frequently 
necessary, and a quantitative determination of each of them is sel- 
dom of much service for the purposes of sanitation. If required, 
special precautions are necessary, and some of the operations must 
be conducted at the spring or well, as the case may be. The pre- 
sence of any special odorous gas, such as sulphuretted hydrogen, 
may be noted. 

The very numerous animal and vegetable substances derived 
from habitations are usually classed under the vague, but conve- 
nient term of “ organic matter,” as the separation of the individual 
substances is impossible. The organic matter is usually nitroge- 
nous, and Fkankland has proposed to express its amount in terms 
of its nitrogen (organic nitrogen), but this view is not now generally 
received on account of the difficulty of estimating the very small 
quantities sometimes found. 

When a water is much discolored from impurities, there is no 
difficulty in obtaining enough of the sedimentary matter for micro- 
scopical examination. But sometimes the sedimefnt is so small in 
amount that several slides may have to be examined before anything 
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is met with, 'When this is the case, a long narrow cylindrical glass, 
thoroughly cleaned, should be filled with the water to be examined, 
allowed to stand for 24 hours, and then the water to within from 
the bottom should be siphoned off, and preparations made from it in 
the ordinary way. 

1668. — Ja it always an easy matter to he able to easpreaa a definite 

opinion as to the quality of water ? 

There is no difficulty in condemning a water which is very bad 
or in pronouncing a water very good ; the difficulty begins when 
the pollution is small in amount and doubtful in character. 

1669. — What factors are employed in the conversion of parts per 

100,000 into grains per gallon^ or the reverse ? 

1. To convert parts per 100,000 into grains per gallon, multiply 
by 7 and move the decimal point one place to the left. 

2. To convert grains per gallon into parts per 100,000, multiply 
by 10 and divide by 7 or snortly divide by *7. 

3 To convert grains per litre into grains per gallon, multiply 
by 7. 

1670. — TF/taf are the various equivalents of 70 G. ( 7 . of water ? 

70 C.C. of water 70,000 milligrams. A gallon of water weighs 
70,000 grains ; 70 C.C. of water is therefore a sort of miniature gallon 
in which the milligram is related to the grain ; for instance, knowing 
the residue left by 70 C.C. in milligram, we at once know the number 
of grains of solids per gallon. 

1671. — JToti? may we convert into pcurts per 100,000 from grains 

per gallon ? 

By dividing by 7 ; or, 'what comes to the same thing, by 
multiplying by 10 and dividing by 7. 

1672. — How are the results of quantitative examinations usually 

stated ? 

The statement of results is usually given in English-speaking 
countries in grains per gallon, or in parts in 100,000 ; hut it may be 

g iven in grammes per litre, which is the same as parts per 1000, and 
y shifting the decimal point to the right, parts per 10,000, 100,000, or 
per 1,000,000 are obtained. It is much to be desired that one 
uniform mode should be definitively adopted, in order to avoid the 
confusion which at present undoubtedly exists.* 

1673 . — How may we convert parts per million {i.e., milligrammes 
per litre) into grains per gallon ? 

By multiplying by the factor *07 

1674f.— JTow may we convert grains per gallon into parts per 
million ^ 

By multiplying by the factor 14*3. 


♦ PaUkes* Practical Hygiene^ 7th Ed. 
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1675 . — Give the results of any analysis you may have made* 
analysis hy Mr. G. Palmek, on ^th May 1890. Analyses 


No. of Samples. 

Localities where Samples 
were taken. 

Total Solids, grainfi 
per gallon. 

Degree of Hard- 
ness (Clarke’s 
scale) Total. 

sS 

•c’r 

o 

X 

From the Hussain Saugor Tank near the village 
of Khairatabad, and near the out-fall of the 
Bulkapur channel, (no water running in thei 
channel at the time). ! 

17*5 

7° 

2-6 

2 

From the Hnssain Saugor Tank close to the 
Nampully sluice, and over the sluice opening, 
through which the water for the Residency and 
Chadarghaut supplies flows. 

]8-5 

G-5° 

2*8 

3 

From the chamber in the Residency filter beds 
whence the water on to the sand of the filters. 

The water in this chamber has passed through 
a wire sieve of 400 meshes to the square inch, j 

14-2 

7 5^ 

2*4 

4 

From a stand-post in the Residency Bazars 
(at Rarakote). This water has been filtered and 
IS in the state in which it is spplied to the public. 

12 

GO 

o 

2*2 

6 

i 

From near the centre of the Hussain Saugor 
Tank, about the deepest part. 

IG 

6'75=^ 

2*6 

6 

From the Hussain Saugor Tank under the 
Railway Bridge, where the pump for the Railway 
supply is situated. Through this bridge sewage 
fallm^ into the tank from Secunderabad must 
flow into the main body of the Tank. 

17 

1 

i 


a*2 


1. The water of samples 1, 2, and 6 are unwholesome. They 
would be considerably improved by filtration, but nothing short of 
boiling and filtration would render them potable. 

2. Samples "1 and 5 would be rendered wholesome by due 
filtration, but are in their present state impure and unpotable. 

3. Sample 4 is a “ pure^ wholesome water. With the 
exception of that of its “ Total Solids," all its constituent impurities 
are in such small quantities as to lead me to consider it a first class * 
water. 

4. With regard to the quantity of total solids, total hardness and 
chlorine, all the samples are practically alike. Much variation 
however is found in the amount of “ Free and Albuminoid Am- 
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Report on six samples of water numbered 1, 2, 3, 4, 5, 6, sent for 
tarried out on 7th, Sth, 9th, IQth May 1890. 


Ammonia, Parts 
per 100,000. 

Physical characters. 

Microscopical characters of 
sediment. 

Free. 

Albnmi- 

noid. 

'00(530 

•004 

Faintly opalescent becoming 
clear on standing. Greyish floc- 
culent suspended matter, 
minute animalculm floating 
about. 

Vegetable debris ; bacterioid 
and amieboid forms ; infu- 
soria, wool-fibfe. 

i 

^00578 

•0035 

Clear ; small amount of sus- 
pended flocculent matter. Few 
aiiimalcula}. 

Vegetable -debris, monads, 
bacterioid forms, ciliatcB, 
oBcUlatoria in abundance. 

'003 

•002 

Clear, trifling amount of sus- 
pended matter. 

A few veget*able cells, cot- 
ton wool-fibre, infusoria. 

i 

^0016 

•0012 

Clear, devoid of sediment and 
of suspended matter. 

A few vegetable spores. 

•003 

•0034 

Clear; extremely fine particles 
of suspended matter, abund- 
ance of very small animalculm. 

Vegetable cells, and vege- 
table debris, epithelial cells 
(s^amous), oscillatoria. 

Cellular algm, conidia, 
disintegrating vegetable fibre, 
bacterioid forms in abund- 
ance, utaich (jranules, oscil- 
latoria, ciliata. 

•00424 

•0031 

Faintly opalescent ; suspended 
flocculent matter in abundance, 
animalculro of various kinds. 

1 


monia” (the standard of animal organic impurity and of contamina- 
tion by human excrement), and in this respect all the samples 
except (4) are impure and unfit for human consumption without 
previous preparation by filtration, and in the instances specified, 
irithout boiling and filtration. 

All (except 4) contain the lower forms of animal and vegetable 
life, living and dead. 

None of the samples arc sufficiently impure to be absolutely 
condemned. 

[The height of the Tank on 6th May (date on which samples 
were taken) was 27' 8", or 11' 5'' above the outlet whence the water- 
supply is derived-] 
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CHAPTER XIX. 
Examination op Water — continued . 


Chlorine. 

1676 . — TF^at are the different sources of chlorine in loater f 

(а) Geological strata containing chlorides of sodium or cal- 
cium— especially. 

(б) Salt of sea- water. 

(c) Liquid excreta of men and animals. 

1677 . — What ajpparatus and test solutions are required for the 

quantitative test for chloHne ? 

Graduated burette and stand ; two porcelain dishes holding 
about eight ounces ; standard silver solution of argentic nitrate 
solution of yellow potassium chromate. 

1678 . — What is the strength of the standard solution of nitrate of 

silver ? 

There are 4*788 grammes of AgNOj per litre of distilled water. 
Each cubic centimetre of this solution is equivalent to one 
millimetre of Cl and 1*65 of NaCl. 

1679 . — TF7m< is the strength of the potassium mono^chromate 

solution ? 

60 grammes of mono-chromate of potassium to one litre of 
distilled water. 

[The strength of the solution is so adjusted that each C.C. of 
the AgN 03 solution represents one part of Cl per 100,000 parts. 

1680 . — What precaution is to he taken ? 

To see that the chromic acid salt is pure. It sometimes con- 
tains chlorides ; its degree of impurity can be estimated by a trial 
with pure distilled water and allowance made for. 

1681 . — How is the standard solution of nitrate of silver prepared 

and used ? 

By dissolving 4*788 grammes of pure AgNOj in one litre of 
distilled water. It is of such a strength that one cubic centimetre 
of it is capable of precipitating exactly one milligram of chlorine. 

If some of this standard solution is dropped into a water 
containing chlorine a white precipitate of AgCl will go on forming 
until all the chlorine in the water has united with the silver. There 
is however some difficulty of recognising the ^act point at which 
the formation of the precipitate ceases ; this difficulty is measured 
by using an indicator. 
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1683.— PFAot id the quantitative teat for chlonne in water S 

Chlorine is estimated by the volumetric solution of silver 
nitrate. We take 100 C.C. of the water either placed in a beaker 
resting on a white slab, or on a porcelain dish, just coloured with a 
solution of potassic mono-chromate (about 1 C.C.), and then the 
silver nitrate solution dropped in from a burette, until a reddish 
tinge is produced. 

1683. — W/iai is the py'inciple of this test ? 

The explanation of the test is as follows : — Silver chromate is a 
red salt; it is not formed until all the chlorides are first used up; 
upon its appearance therefore it is certain that all the chlorine is 
combined with silver. Each C.C. of the silver solution equals a 
milligramme (‘001 grm.) of chlorine, so that the number of C.C. 
used multiplied by *0Ol equals the chlorine in 100 C.C. of water. 
[The reaction is made more delicate by observing the tint through 
a solution of chromate.] 

1684. — Bhoxo by an example how the test is carried out ? 

Take 100 C.C. of the water to be tested in a whit® porcelain dish. 
Add a few drops of the mono-chromate of potassium, giving the* 
water a slightly yellow colour. Drop in the standardised solution 
of AgNO, from a graduated burette, till the water becomes 
slightly tinged, that is, till a faint red colour occurs and remains 
permanent. Suppose wo took 7 C.C. of AgNOg solution for the 
100 C.C. of water, the water contains 7 parts of chlorine in 100,000 
of water or 70 per litre. If we wish to express it in parts per gallon 
we have the proportion 

100,000 : 70,000 7: a*. 

_ 70,00 0 -f 7 .ha 11 

“= T0 0r 000 =4-9 parts per gallon. 

To state the result as KaCl* we multiply the result by 1’65 
which is 11*55 NaCl per 100,000. 

1685. — State briefly the most common method of carrying out this 

test ? 

Take 100 C.C. of water, add a few drops of solution of mono- 
chromate of potash, making it slightly yellow. Drop in solution of 
AgNOg till the water becomes slightly tinged. We go on adding 
AgNOg solution till a faint light red colour occurs. We read off 
the number of C.C. of AgNOg solution used, these represent the 
parts of chlorine per 100,000 parts of water. 

1686. — Wh^n a solution of silver nitrate is added to a sample of 

drinking water a precipitate is formed : how would you 
prove this to he silver chloride ? 

By its solubility in a solution of ammonia. 

♦ This factor is got from the atomic weights of sodium (23) and 
chlorine (35) that 18*5! *■ 1*66. 
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1687 . — What ia the principle involved in the volurn’Otric test for 

chlorine ? 

The fact that silver chromate cannot exist in the presence 
of a solution of a chloride. The solution of raono-chromate of 
potassium is added primarily as an indicator, when all the chlorine 
has combined with the silver to form Af?Cl the red chromate of 
silver begins to form and deposit. The moment this change in 
reaction occurs the addition of the AgNOj solution ceases. [The 
only difiBculty in the test is to definitely fix the time the change 
referred to takes place.] 

1688 . — Why do toe uae the bichromate of potaaaium in this case ? 

Because it serves the function of an indicator when all the 

chlorine has united with the AgNOj. The silver salt itself has a 
greater affinity for chlorine than for the chromic acid radical, but 
when all the chlorine has combined with the silver salt, the latter 
immediately unites with the bichromate, giving a very distinct per- 
manent reddish brown colour — that of chromate of silver. As long 
as any chlorides are present in the water, white silver chloride is 
formed, but the moment the amount of soluble chlorides is exhausted, 
the liquid acquires a reddish tint from the formation of red silver 
chromate. 

1689 . — What precautions are necessary ? 

That the mono-chromate of potassium is free from chlorides. 
With the AgNOg the water should be of an acid reaction, for 
chromate of silver is dissolved by acids. 

If the water be acid it may be neutralised or made a little 
alkaline by a little solution of Nuj COg. 

[If an important analysis is being carried out a blank trial with 
distilled water, and with water containing a known quantity of 
chlorine, maybe made before beginning the analysis. If great 
accuracy be wanted 2 or 3 times, the ordinary volume of the water 
may be evaporated.] 

1690 . — Hovj do we "know v:hen the silver has combined with all 

the chlorine ^ 

The exact moment at which the formation of AgCl ceases 
will be shown by the appearance of tne deep red chromate of silver. 

1691 . — Sate briefly how the test is carried out ? 

To a given quantity of water (to which has been added a small 
quantity of yellow chromate of potassium) silver nitrate solution (4*79 
f^ammes to a litre of water) is dropped and stirred up after each 
addition ; the red silver chromate will disappear so long as any 
chlorine is present. Stop when the red tint becomes permanent ; 
as 1 C.C. of the silver nitrate equals 1 milligram of chlorine, the 
chlorine in the amount of water taken can be calculated. Neither 
the water nor the nitrate of silver solution ^must be acid, else the 
silver chromate will be dissolved. 
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Some analysts prefer to use a decinormal silver solution (17 
grammes of nitrate of silver per litre) and operate on a large volume, 
say 260 C.C., of the water. Each 1 C.C. of this solution precipitates 
•OOSbb gramme of chlorine; hence if 260 C.C. of water be used for 
titration, the number of cubic centimetres of silver solution multi- 
plied by 0*994 gives the grains of chlorine per gallon, or by 1*42 the 
parts of chlorine per 100,000 of water. 

Dr. Fkankland uses a solution of half the usual strength, and 
takes 60 C.C. of the water for titration. Each 1 C.C. of his nitrate 
of silver solution =0*0005 grammes chlorine. 

1692. — Give the details as to how the test is carried out. 

Take lOO C.C. of the water to be examined ; place it in a glass 
vessel standing on a piece of white paper ; add 1 C.C. of potassium 
monochromate solution, which must be free from chlorine,drop in the 
silver nitrate from the burette, and stir after each addition. The red 
silver chromate which is at first formed will disappear as long as 
any chlorine is present. Stop directly the least red tint is permanent. 
Neither the solution of silver nor the w^ater must be acid ; if the 
latter is acid, it should be neutralised with a little jirecipitated 
carbonate of calcium. The number of C.Cs. of silver solution uscid 
gives exactly the parts of chlorine per 100,000 of W'ater. To bring 
to grains per gallon, multiply by 0*7.* 

1693. — Show by an example as to how the mnount of chlorine in 

water is ascertained and expressed. 

Water requires of nitrate of silver solution = 4*9 C.C. 

(,'hlorine = 4*9 parts per 100,000 parts ; or, 3*43 grains per gallon. 

X = per 100,000 parts ; or grains per gallon. 

In 100 C.C. of water, 1 C.C. of potassium mono-chromate, and 
1*5 C.C. of silver solution gives a permanent red tint, therefore the 
water contains 1*6 parts per 100,000 of chlorine; 1*6x0*7 = 1*05 
grains per gallon. 

1694. — TF7^ A/ is the reaction %vhich takes place ^ 

AglsXl^-f NaCl = NaNOg+AgCl. 

Say we took 7 C.C. of AgNO,, solution for 100 C.C. of water, 
therefore the chlorine is in proportion of 7 to 100,000 of water as 
per decimal system in grains per gallon it = parts in 70,000 as 
100,000 : 70,000 : : 7 : ar. 

100,000 a: = 490,000 

a? 100,000) 490,000 (4*9 parts per gallon. 

169 5« — Is there any other quantitative test for chlorine ? 

Yes, that known as the Indigo process. 
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1696. — How is the test solution •prepared for the Indigo process ? 

A standard solution of indigo is prepared by dissolving com- 
mercial indigo-carmine in water containing 5 per cent, by volume 
of sulphuric acid, and boiling for some time so as to sterilise the 
flolution. It is then standardised against a very dilute solution of 
nitrate of potassium, which may be conveniently made of such a 
strength that 1 C,C.=*0001 gramme NjOr, or a solution containing 
0*187 gramme nitrate of potassium in a litre of water. In diluting 
the indigo solution to the proper strength, distilled water contain- 
ing 5 per cent, by volume of sulphuric acid should be used. When 
thus prepared the solution keeps well. 

1697 . — Is it usual to find free chlorine in water ? 

No ; it is never found in the free state, but always as a chloride, 
-especially as NaCl [N.B. — Analytical results however are expressed 
as so much “ chlorine 

1698. — Is chlorine affected hy passing through the soil, or the roots 

of plants in the soil / 

No, it is constant. It is not affected by the soil or vegetation. 
It remains as evidence of past contamination after all other evidence 
has ceased to exist. 

1699. — When is the cJdorine test very valuahlc ? 

When (1 ) a large number of wells which wore not before saline 
have to be examined suddenly, it shows amount of contamination of 
sewage. 

1700. — Ja the amount of chlorine a good indication as to the gaaU 

ity of a water ? 

Yes, providing we know the source of the water and the nature 
of the soil through which it has passed. 

1701 . — Hoxc may xce distinguish the source of chlorine in water f 

When in excess from sea- water, or from geologipil strata, there 
is marked absence of either organic matter or its oxidised ])roducts. 
When chlorine is from liquid excreta we have invariably associated 
with it in the water, ammonia, nitrites and nitrates, and probably 
also a considerable amount of oxidi.sable organic matters, and some- 
times likewise ]>hosphoric acid. [An abundance of chlorine with oxi- 
disable organic matters are indicative of recent sewage contamina- 
tion.] 

1702. — How do we differeniiaie the source of excess of chlorine ? 

If from saline strata or sea water there is an absence of oxidisa- 
ble or oxidised organic matter. If from human excremenl, ammo- 
nia, nitrites and nitrates are present together with much oxidisable 
organic matter and probably also phosphates. Vegetable contami- 
nation is not indicated by chlorine. 



CHLOErNB. 


415 


>CHAP. XIX.] 

Ordinarily where water is found to contain excess of chlorine, 
sewage contamination should be suspected and a further examina-* 
tion called for. 

1703. — What is the inference ? 

That if a given sample of water be found to be devoid of 
<5hlorine, or ve^ nearly devoid of it, there has not been sewage con- 
tamination, [This does not hold good in India, where in consequence 
of the manner in which the native sits the liquid and solid excrement 
are separated — especially is this so if privy pans are used], 

1704. — PF/iy is the estimatioyi of chlorine important ? 

Because it is in an indirect way an indication of sewage con- 
tamination. 

1705. — Is chlorine alone a good test for purity of water ? 

IS o, it is nob as a rule; but having ascertained the source of 
water and the nature of the soil it comes from, the quantity of 
chlorine is a good indication as to the degree of purity, although the 
amount of chlorine does not bear any constant proportion to the 
amount of polluting substances in the water. [N.B. — Chlorine is a 
constant element in human and animal refuse, and it is not affected 
by passage through the soil or by the action o£ vegetation. We 
should remember that chlorides remain as evidence of past con- 
tamination (if it arise from sewage) after all other evidence has 
ceased to exist.] 

1706. — What is the relation of chlorides and chlorine to water ? 

Chlorine in small quantities occurs in all waters. An undue 

quantity, unless exnlained by its coming from a saline spring, or 
from near the sea, should arouse susiiicion. The chlorides in .water 
are important as indications of the existence of human excremental 
contamination, and sometimes they form a guide as to the channel 
by means of which sewage gain.s access. Hence the im]>ortance 
or estimating the amount of chlorine in quantitative chemical 
analyses. Excess of chloride of calcium and magnesium may give rise 
to diarrhcea. 

Excessive amounts of chlorine are also found in brackish waters 
from wells near the sea and in certain deep well winters, so that 
the presence of excess of chlorine must not be taken as alisolute 
proof of sewage contamination ; as a confirmatory test it is of great 
value. 

Chlorides, estimated as sodic chloride, may reach the propor- 
tion of 100 parts per million in organically pure water from the 
new red sandstone, greensand, and other saliferous formations. 
Brackish water also contains excess of chlorine. In general, how- 
ever, good waters contain not more than about 10 or 20 parts per 
million, and rain water and peaty waters little or none. Water 
from surfaces, shallow wells, etc., may contain considerable quanti- 
ties of chlorine from sewage contamination. 
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Upon this point the late Professor Pakkes stated . — ** The purest 
waters contain small quantities of chlorides, geneiuUy less than 1*^ 
per 100,000. Kain water generally contains 0*22 to 0*5 per 100,000. 
An increase in ordinary drinking water may be due to sea water, 
salt-bearing strata, or sewage, or other impurities. In the two 
former cases it is comparatively innocent, but in the last it 
may be an indication of dangerous contamination, in which case it 
is usually connected with an increase in the ammonias, the oxidis- 
able matter, and the nitrogen acids. Sewage contamination can 
never take place without some increase in the chlorides, unless ft 
be through gaseous emanations. Some deep wells contain large 
quantities of chlorides, but the other details of the analysis will 
show that this is not due to any recent contamination. Generally 
speaking, however, an excess of chlorine is a reason for suspicion,, 
until a satisfactory explanation of its presence is obtained.” 

1707 . -‘What is the hygienic importance of chlorides in drinking 
water ? 

Chlorides are always present in small quantities in water. 
In the Thames water at Kew, there is 847 grain per gallon of 
chlorine, in the new river water 1*1, in Ulls water *7 grain per gallon. 
As a rule the presence of 1 grain per gallon indicates contamination 
with some animal refuse, unless the water is derived from new red 
sandstone, or brine springs, or from the neighbourhood of the sea. 
But this is not univcu’sally the case as the Trafalgar Square pump 
water contains 16| parts of chlorine in 1()0,CMX), and yet is regarded 
by Fr^nkland as one of the best of waters. We may state the im* 
portance of chlorine in water, thus : its absence or the presence of 
only a minute quantity indicates with a fair degree of certainty, the 
absence of animal contamination, though, on the other hand, in 
exceptional cases, the purest water may contain more chlorine than 
the same bulk of sewage. 

If the chlorine exceeds 1*5 grain j)er gallon, its source should 
be inquired into ; and if there be also much ammonia, and especially 
albuminoid ammonia, or organic carbon present, or if the water con- 
sumes much oxygen in the permanganate process, sewage contami- 
nation may be apprehended. The deep artesian well waters of the 
London basin contain much chlorine and ammonia, and are whole- 
some ; but they yield little organic carbon and albuminoid ammonia, 
and they consume little oxygen (from permanganate). Chorides in 
large amounts should raise suspicion; if they are not accompanied by 
any excess of organic matter they are probably derived from the 
sea, from salt beds, or some other mineral sonree, and if they do- 
not make it brackish may, as in the Kent Company’s water, mean 
nothing ; but when these sources are excluded, and there is evidence 
of much organic matter, t.e., ammonia, nitrates, nitrites, and phos- 
phoric acid, and, if the pollution be recenJL oxidisable organic matter^ 
the source of the chlorides is urine. When there is, on the other 
hand, the salt is derived from springs, or from the sea ; or it is pro* 
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bably attended in tbe one case by sodium and calcium carbonates 
rand sulphates, in the other by magnesia, and it is generally in large 
.amounts. 


CHAPTER XX. 

Examination of Water — continued. 

Metallic Impubities in Water. 

1708. — Enuimrate the nietah that are occasionally found in 

water. 

Lead, iron, copper, zinc, and arsenic. 

Lead, iron, and copper are the poisonous metals more usually 
met with in drinking water ; less than one-tenth grain of lead or 
copper, and not more than two-tenths grain of iron per gallon may 
be permitted. 

1709. — Pt/ what simple methods may the testing for these metals 

he managed f 

The testing maybe managed very simply and expeditiously, and 
also very delicately, by taking advantage of the formation of dark- 
coloured sulphuretsby means ofsuljdiuretted-hydrogen, orsulphuret 
of ammonia. Moreover, these metals, in very dilute solutions, do 
not yield j)recipitates of sulpliuret,but yield dark-coloured solutions, 
the depth of which is proportional to the amount of metal present. 
It is therefore possible to estimate these metals by the depth of the 
colour. 

1710. — Upon what principle may ice examine for these metals 

quantitatively ? 

The quantities of these metals present may be found by making 
use of the ammonium sulphide precipitation, and comparing with 
standard solutions. In practice, a glass rod moistetied with ammo- 
nium sulphide is dipped into some water in a porcelain dish; if 
there be any colouration, it should just bo visible, and should dis- 
appear on the addition of two or three droj)S of liydrochloric acid if 
it be due to iron ; if it remain, it is due to copper or lead, and should 
be condemned. Arsenic, barium, zinc, manganese, and chromium 
sometimes find their way into drinking water from chemical and 
other works. 

As the mere presence of such metals as lead, copper, arsenic, and 
Einc ill appreciable quantity is enough to condemn a water, there- 
fore it will seldom be necessary to determine their amount 
quantitatively. 

1711. — What are the relations of metallic saltsto loater ? 

Of the metallic salts constituting impurities in water, lead^ 
iront and copper are the most important. Copper is rarely met with, 

27 
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and when found is usually derived from copper cooking-utensils 
which have not been properly tinned. Neglect in this respect is 
sometimes serious. We have seen several cases of slight copper- 
poisoning arise in this way. The possibility of this would be obviated 
by the use of properly enamelled cooking utensils or block steel 
vessels. Iron may be derived either from the original source of 
the water, the water passing through a stratum containing hsema- 
tite ore, etc., or, in the case of public water-supplies, it may be dis- 
solved out from the pipes. The smallest quantity, even i grain to 
the gallon, is recognised by the palate. Such water is injurious to 
plethoric people, giving rise to ringing in the ears, headache, etc. 

The most common and important metallic impurity is lead. 
This in the case of public water works is usually derived either from 
the service pipe or house cistern. An extremely small quantity of 
lead in the water may give rise to dangerous symptoms, if the con- 
sumption of the water is long continued. Prof. Pabkes stated tha4i 
any quantity over grain per gallon should be considered danger- 
ous, and some persons have been affected by even smaller quantities. 

1712 . — TF/n d are the chv'f aourcee of lead in the water ? 

The soluble salts of lead from leaden pipes, or from leaden 
cisterns. 

1713 . — state koto we may test for lead, iron or co^pper in 

loafer. 

Acidify the water with hydrochloric acid and add sulphuretted 
hydrogen solution. Any brown colour developed shows the presence 
of lead or cojiper. Add ammonia sulphide solution This jiroduces 
a dark colour, not cleared up by hydrochloric acid. Place some 
water (100 C.C.) in a white dish and stir up with a rod dip])ed in 
ammonia sulphide,, wait till the blue colour is produced, then add 
a drop or two of hydrochlorie. acid. If the colour disappear.s it is 
due to iron ; if it does not, to lead or cojiper. 

W ith zinc, sulphuretted hydrogen gives a white precipitate. This 
test is not available if there be iron jiresent, or should the water be 
alkaline. It only holds good for perfectly neutral waters containing 
zinc. 

1714 . — THiaf are the qualitative tests for lead ^ 

(a) Ammonic suljdiide of ammonia will give a black 
colour or precipitate, not removed by acid ; (b) 1 C.C. of cochi- 
neal solution added to 20 or 30 C.C. of the sample water, in a white 
dish, will give a purple or blue tint if any trace of lead is present. 
(c) A new test has been brought forw^ard by Harvey. Two grains 
of crystallised bichromate of potash are added, half to a litre of 
sample water in a conical glass, and after stirring, allowed to stand 
for 15 minutes. A similar sample of lead-freewater is placed fdong- 
side for comparison. As little as A of a grain per gallon is said to 
give a perceptible turbidity. If the water is not clear, it must be 
pveviously filtered. (Habvey’s Test.) 
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1716.— ITow may we detect lead and copper m water ? 

A solution of cochineal strikes in a neutral or alkaline 
solution a feeble red haying a faint blue tinge to a deep 
mauve blue, according to the quantity present. H^S gives a brown 
to black colour. Lead is distinguished from copper by the ferrocy- 
anide test. A solution of potassic ferrocyanide added to a water 
containing a trace of copper, gives a brown colour, or if more than a 
trace be present, there will be a precipitate. 

1716. — Foto may we estimate the amount of lead present ? 

By comparing the colour produced by the natural water with 
that produced in an equal amount of distilled water containing 
known amount of lead per gallon, when both are treated with H,S. 

1717. — Give a more accurate qualitative test for lead. 

Evaporate one or two pints of the water to a small bulk, acidify 
with nitric acid, and pass hydrogen sulphide. Filter, dry and ignite 
precipitate in a porcelain crucible. When cold add a drop or two of 
nitric acid and a little water, and test with potassium iodide (yellow 
precipitate) or potassium bichromate (yellow precipitate or coloura- 
tion). 

1718. — a process for conducting a quantitative estimation of 

lead in water. 

1. Put 4 oz. of the suspected water in one of the dishes, and 
4 oz. of distilled water in the other. 

2. Stir each with a glass rod dipped in ammonium sulphide 
solution. 

3. Into the basin containing the distilled water, run in the 
standard solution of the metal that is sought to be estimated till 
the water is of the same sliado of colour as the suspected water, 

4. Calculate the result. 

Thus e.g.y with lead, suppose 4 decerns are used, then 00090 X 4= 
0*0036 X 5=:*0180 grains per pint, or *1440 grains ot metallic lead, 
per gallon. 

The above process is applicable to the three metals, lead, 
copper and iron processes. 

1719. — What aqipftratus are needed ? 

Burette and stand, two porcelain dishes, and glass stirring-rods; 
ammonium sulphide, standard solution. 

1720. -What are the theories respecting the solvent action of 

soft icaters upon lead ? 

1. That it is due to organic acids in the water (acetic, humic 

or nlmic). 

2. Due to inorganic acids, 

3. Due directly or indirectly to organisms* 

. 4. Due to absence of silica from the water. 

6. Due to excess of CO, in water. 
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1721 — point did Allen and Wuitelegge prove vjith 
regard to th£ action of acid soft waters in lead f 

They found that the soft waters {e.g., those of Sheffield) which 
act freely and injuriously on lead are, in many instances at least, acid 
in reaction ; and that the acidity may be due to the presence of fixed 
organic and inorganic acids, or both. The organic acids are due to 
the oxidation of heat. The inorganic acid may be sulphuric, arising 
from the influx of a ferruginous water containing a ferrous salt. 
On exposure the ferrous s^t oxidises and splits up into an insoluble 
basic ferric salt, and free sulphuric acid or an aci^ sulphate. Such 
waters, when run over a weir or along a conduit, composed of 
broken soft limestone or chalk, have their acidity neutralised ; they 
take up a small quantity of carbonate of calcium, and acquire addi- 
tional hardness, corresponding to the excess of chalk dissolved 
-beyond that consumed. In other cases the acidity which gives the 
water its lead-dissolving powers, may bo due to the presence of free 
sulphuric acid formed by oxidation of iron pyrites in the water. [It 
has been recently suggested by Mr. Power, in a report to the 
Local Government Board, that the biological characteristic of a 
water—the presence or absence of bacterial organism— may 
exercise an influence over its “ plumbo-solvent ” properties. 
There is also some evidence to show that leaden pipes are much 
more rapidly corroded when the mains are intermittently charged 
than when kept under constant high pressure. * 

1722.— 'JTat;e micro-organisms any influence in effecting the solu* 
tion of lead in water ? 

Mr. W. H. Power, having re^rd to the observed influence of 
acidity on the solvent actions of soft moorland waters on lead, 
offers the suggestion that the ‘ inscrutable behaviour * of these 
waters in regard to plumbo-solvent ability may be related to the 
agency, direct or indirect, of low forms of organic life. This sugges- 
tion, no donbt, has as its basis the circumstance that certain bacteria 
have been found experimentally to produce acid changes in the 
cnltnre media in which they have Wn grown ; but the results 
hitherto obtained with the Sheffield plumbo-solvent waters are 
mostly negative (Reports of the Medical Officer of the Locd Gov- 
ernment Board for 1887 and 1888, pp. 280 and 453, respectively). 

After the prolonged drought of 1887, the waters in the Sheffield 
reservoirs ran very low, the peaty acids — derived from the gather- 
ing grounds, were not diluted to the usual extent, and a severe 
outbreak of lead-poisoning occurred in the town. 

1723 .— oih^ objections may be alleged against a soft tioattr ! 

The greater danger of lead contamination, often introduced 
by the adoption of » soft and slightly acid water-supply, may fai 
outweigh, from a hygienic point of view, the disadvantages re- 
sulting from the use of a water of moderate hardness. 
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1724k.— How may we test the action of a yarticula/r water on a lead 
pipe ? 

A method commonly adopted is to immerse fresh-scraped clean 
plates of lead, 6x2 inches in size, in a known volume, say 500 C.C. 
(or, better, 1 pint = 568 C.C.) of the water in a loosely stoppdred 
bottle capable of holding double this quantity of liquid. After 
twenty-four hours the strips of lead are removed and any corrosion 
or deposit is noted. After filtration the water is examined for the 
lead in the usual manner. 

A better and more satisfactory plan is to take a 36- inch length 
of fresh well-cleaned lead pipe, of | inch bore, closed by means of 
a cork provided with a pinch-cock below, and by a cork above. The 
tube is rinsed with the water and then filled with it, corked, and 
placed in a nearly horizontal position, the pinch-cock being at the 
lowest end of the tube. After a definite period, say 12, 18, or 24 
hours, the water is run out of the tube, and replaced by a fresh 
quantity, which is again withdrawn at the end of any desired 
period. The successive quantities of water are measured, and 
the lead present determined as before. In this way the action of 
the water upon lead (either fresh pipe or after some use) may be 
determined. The volume of water held by a pipe of | inch bore, 
and 36 inches in length, is one-fifth of a pint approximately, or 
116 C.C. 

Another practical test of the action of w'ater on lead is as 
follows : — Take a beaker containing eight ounces of the water to be 
examined, and place in it a piece of plumbers’ cistern “ six-pound 
lead,” four inches by one inch. Each square inch of the lead sheet 
is thus acted upon by one ounce of water. The water may be 
examined daily, the colour produced on the addition of sulphuretted 
hydrogen compared with a standard solution of lead. Wanklyn 
gives the following process : — Take 70 C.C. ol the water, place 
them in a white porcelain dish, and stir with a glass rod dipped 
in sulphide of ammonium. If the slight colouration form which is not 
absolutely destroyed on acidification with hydrochloric acid, the 
water should be condemned as contaminated with metallic im- 
purity— either copper or lead. Lead-poisoning may result from so 
small a quantity as one-ninth of a grain per gallon. 

1726. — Whai is the principle of the methods employed for estimate 
ing the amount of lead or iron present in water ? 

In the case of lead, that of comparing the colour produced by 
the natural water with that produced in an equal amount of dis- 
tilled water containing a known amount of lead per gallon, when 
both are treated with sulphuretted hydrogen. In the case of iron 
it is estimated in the same way ; compare the blue colour pro- 
duced in the natural water with that produced in pure water con- 
taining a known amount of iron ; keep the tubes m the dark for 
twelve hours or so. 
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1726. — Wlmt is the importance of the action of excess of CO ^ on 

lead in water ? 

It has been asserted that carbonate of lead, like the carbonates 
of calciam and magnesium, is more soluble in excess of carbonic 
acid than in water, and that a bicarbonate of lead is formed when 
lead is present in solution in a water containing excess of carbonic 
acid, and experimental proof of this action has been furnished. 

Hence pure rain water and distilled water corrode lead with 
great rapidity. If a few grains per gallon of sulphate of calcium 
be introduced into such a water, an adherent and coherent thin 
^ey film of a lead compound quickly forms on the surface of the 
metal, and the water subsequently takes up a quite inconsiderable 
amount of lead ; and thus the metal is preserved from further 
corrosion. 

The deposit is very finely divided and has very little coherence, 
and hence when the deposit forms on the surface of the metal — as, 
for instance, when there is simultaneous oxidation and i)recipita- 
tion of the lead on the surface of a leaden pipe — the hydro- carbonate 
does not protect the metal beneath from the further corroding 
action of the aerated water. 

On exposure to air, the, dissolved lead is soon thrown down in 
the form of the almost insoluble hydro-carbonate (basic carbonate 
cf lead, or white lead). 

1727. — Has naturally oxygenated water any action on lead ? 

Pure water, derived of gases, has little or no action on lead ; 

when, however, the water contains oxygen the lead is rapidly cor- 
roded and dissolved ; the solvent action being hastened, it not actu- 
ally started, by the presence of traces of carbonic or other acid. 
The lead dissolved appears to be in the form of a hydrate (hydrated 
oxide of lead) . 

1728. — What may he stated with regard to our knowledge njjon the 

question of the relation of lead to drinking water ? 

That the whole subject of the action of waters upon lead, and 
its prevention, stands in need of further elucidation and research ; 
and although we may in some particular instances be able to ac- 
count for the action of water upon this metal, the same explana- 
tion entirely fails in other cases. Thus it has been found that 
whilst the addition of an alkaline silicate of sodium to distilled 
water will prevent the corrosion of lead by the water, the same 
addition in other cases, under other conditions, may fail as a pre- 
ventive. Again, it is not only soft waters exclusive^ that act on 
lead, for many hard waters will have the same effect. Neither 
the silica theory, nor the acid theory, of the action of waters 
upon lead, accounts for the whole facts known; and of two appa- 
rently similar waters as to constituents, one will act vigorously 
upon lead, whilst the other may have little or no effect in dissolving 
the metal. 
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1789 . — Do all waters act equally on lead ? 

Many waters have little or no action upon lead, and especially 
the hard waters containiug calcic carbonate or a moderate amount 
of carbonic acid. Calcic sulphate is less protective than the car- 
bonate, and magnesic less than calcic salts. A crust is formed 
upon the interior of lead pipes, composed of carbonate and sulphate 
of lead, lime, and magnesia (or such of them as are present in the 
water), and chloride of lead. Carbonate of lead is difficult of solution 
except in water charged with excess of carbonic acid under pres- 
sure. Pipes which arc new, which are bent against the grain, or 
which are alternately full and empty, are more attacked than 
others. The maximum amount of lead is found in water which has 
stood for some time in the pipes, over night for example. Lead is 
now chemically purer than usual in former years, owing to the 
profitable removal of silver andother metals with which it is found 
associated, and it would ap])ear that the purer load is more readily 
acted upon by water. 

1730 . — In what tcays do 'tuiiural waters act on lead ^ 

Natural waters are found to act in a variety of ways on lead, 
and as drinking water generally meets with lead either during 
its conveyance from the water reservoirs to the consumer 
through pipes of tliat metal, or by being stored in leaden cisterns, 
it becomes of the utmost importance that the conditions under 
which the natural waters become charged with lead should be 
known. There is one broad fact which may be taken in connection 
with this subject, that hard ** waters have, as a rule, very little, if 
any, action on lead, while soft waters invariably dissolve more 
or less of that metal. Hard water stored in leaden cisterns cause a 
coating of insoluble load salts to form on the surface of the metal 
which protects the lead from the further action of the water. The 
salt having the most protective action is the sulphate, and as 
ordinary hard waters contain, as a rule, earthy sul])hates, we are 
able to use such waters with impunity. On the other hand, as soft 
waters have no such protective properties, they become more or less 
charged with lead and the oxide dissolved in the water.* 

1731 . — Wluii proc^ses Juiveheen adopted to prevent lead-.poisonhig 

in cases of water containing it? 

Various remedial measures have been tried, but, with few ex- 
ceptions, not in a sufficiently thorough way. To neutralise the 
acidity of the water it has been exposed to fragments of limestone, 
and the conduits have been lined with the same material, but the 
limestone soon becomes inert, probably by incrustation, and fre- 
q^uent renewal of the surface is necessary. Measured quantities of 
lime have also been added to the water, and powdered chalk has 


* First, lead forms an oxide which is dissolved, the oxide absorbing CO* is 

deposited as a hydrated basic carbonate. 
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been proposed for use in like manner. Water has also been charged 
with traces of silica by filtration through powdered granite or 
flint. More evidence is needed before any final conclusion can be 
arrived at. and it is at least possible that the mischief may not 
always be due to the same cause. 

1732. — What waters act most on lead ? 

All “ soft waters ; pure water ; those containing organic mat- 
ter, nitrites, nitrates, and those highly oxygenated. . 

1733. — What waters act least on lead f 

Hard waters, especially those containing an abundance of sul- 
phates, carbonates and phosphates of lime and magnesium, alkaline 
phosphates, and carbonic acid. 

1734. — Foi^; is water protected from the action of lead in tltese 

cases ? 

Because an insoluble crust of phosphate or sulphate is formed 
on the inner surface of the pipe, which is protective and imper- 
meable. 

1735. — What salt has moat protective action ? 

The salt having the most protective action is the sulphate; and 
as oixiinary hard waters, as a rule, contain earthy sulphates, we are 
able to use such waters with impunity. On the other band, as soft 
waters have no such protective properties, they become more or less 
charged with lead. Waters containing nitrates or nitrites in solution 
are especially to be avoided, as such waters exercise a powerfully 
solvent action on lead ; and these salts have been known to corrode 
that metal to such an extent as to eat holes in the cistern in which 
the water was stored. 

1736. — In general terms what bodies attach lead most ? 

Any water containing air, oxygen, nitrites, nitrates, or chlorides, 
organic acids (either animal or vegetable). [Rain water, water 
containing sewage, and water rich in vegetable acids are particularly 
liable to act on lead and dissolve it.] 

1737 . — What is the limit of lead alloivahle in water ? 

One-tw-entieth of a grain per gallon. This is likewise the limit 
detectable by chemical examinations. 

173a— TF7ia/ rule then would you lay down with regard to water 
containing lead ? 

Condemn all waters containing it, for when it is present even in 
very small quantities, negligence, accident, or mismanagement 
at any time increase its amount to a seriously injurious extent. [To 
state the matter in other words, — no water should be used for drink- 
ing which contains more than one part of lead per million, for any 
trace however small is dangerous.] 
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irn9.-What Ivmii does Waxklyn give ? 

Wanklyn adopts gr. per gallon as the limit, above which we 
should be justified in condemning a water. [The author is of opinion 
however that any trace however small should be sufficient justifi- 
cation for the condemnation of the water.] 

1 740 . — What quantity of lead did Prof. Paiikes consider danger^ 

0U8 in water ? 

** Any quantity over ITT of a grain per gallon should be consi- 
dered dangerous ; some persons may even be affected with less 
quantities.’* * [The best way is to avoid the use of lead as much as 
possible in any connection with water for drinking purposes. The 
consumer, however, is not entirely his own master at this point, as 
the use of leaden service pipes is generally insisted upon by the water 
companies ; but cisterns need not be lined with lead, and the use of 
utensils made of alloys containing lead may be avoided.] 

1741 . — What relation has been shown to exist between silica and 

the ]_dumho -solvent action of water ^ 

Certain experiments recently carried out by the late Dr. Tidy, 
seem to show that a water free from silica attacks lead — a discovery 
of considerable importance in public water-supplies. In other words, 
that the varying powers of corroding lead, exhibited by soft waters 
of apparently identical chemical composition, are due to the presence 
or absence of silica in the water. 

When silica is present, even in the proportion of only half a 
grain per gallon, the action on lead is said to be very slight. There 
must be no excess of alkali in the water, or this inhibitive action 
of silica is not displayed. By passing distilled water and other 
soft waters known to have a corrosive action on lead through a filter 
formed of layers of sand, broken flints, and pieces of limestone,, 
enough silica is taken up to reduce the lead corrosive power to one- 
thirtieth. 

Recent experiment, however, seems to show that the alkaline 
carbonate, which is taken up from the limestone, may be an even 
more important factor than the silica. The waters of Huddersfield 
and Sheffield which have a considerable effect on new lead, have 
been rendered nearly inactive by passing them through filters con- 
structed as above. 

J)r. Tidy asserted that waters which contain less than half a 
grain per gallon of dissolved silica act freely upon lead, whilst 
those which contain more than half a grain of silica per gallon 
do not — cxce])t, perhaps, under exceptional circumstances— 
dissolve lead to any appreciable or injurious degree; and he, 
together with Drs. Odling and Crookes, have proposed to artifi- 
cially^ impregnate waters with silica when they contain such a defi- 
cient quantity as to render them operative. Among the many 


Farkes* Practical Hygiene ^ 7th Ed. 



42& WATBR. [part 

substances that have been credited -with increasing the solvent 
action of water upon lead are — carbonic acid ; free mineral acids ; 
carbon acids, the product of the decay of vegetable matters, and 
especially heat ; organic matters ; nitrates and nitrites, and 
chlorides — a sufficiently extended list. Among the substances 
which have been stated, on the other hand, to retard corrosion and 
solution are carbonic acid, carbonate of calcium, sulphate of 
calcium, phosphates, and silica, or rather dissolved silicic acid 
(Odling, Cbookks, and Tidy). They advise that such deficiently 
silicated waters should be run over broken flints or a mixture of 
flints and chalk, or limestone, and it has been asserted that the 
flints are obviously dissolved during the process. 

1742 . — U'iidcr what conditions does chronic lecul-poiaoning arise, 

and what are its symptoms ^ 

This form of poisoning generally occurs among painters, manu- 
facturers of white lead, pewterers. printers, and others. The early 
symptoms are those of ordinary colic, only more severe. The 
patient generally complains, in the first instance, of feeling unwell, 
and of general debility. He then suffers from pain of a twisting 
grinding nature, felt in the region of the navel. The bowels are 
obstinately confined. The appetite becomes capricious, and may 
be entirely lost. The mouth is parched, the breath foetid, the 
countenance sallow, the skin dry, and general emaciation sets in. 
A nasty sweetish metallic taste in the month is present in most 
cases. Not infrequently the subjects of lead-poisoning experience 
a peculiar form of paralysis of the upper extremities, well known as 
Mropped hand.* It appears that this condition is the result of paralysis 
of the extensor muscles of the wrist. The muscles undergo a form 
of fatty degeneration. The lead appears to act primarily on the 
muscles, then on the nerves, and lastly on the nerve centres. One 
Other symptom of importance has yet to be noticed. The gums, at 
their margins where they join the teeth, jiresent a well-marked blue 
line, absent wJwre a tooth has been removed. This is not present in 
all oases, but it should he looked for. 

1743 . — Discuss in general terms the questions connected with lead- 

poisoning. 

Lead-poisoning undermines the health before J;he subject is 
aware of it. The proportion of lead in solution that would be 
injurious varies with the susceptibility cf the individual. Water 
with as little as part of a grain of oxide of lead per gallon 

is said to have produced lead paralysis : whereas it is gener- 
ally considered not hurtful until it contains ^th of a grain per 
gallon. Some have held that from to yh^hs of a grain per 
gallon may be present before water is injurious to health, if used 
as a beverage ; but this is a fatal mistake. 

It is generally believed that soft waters rapidly attack lead 
while hard waters do not. This is by no means universally true. 
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Some of the softest waters have no such prcmerty. When this effect 
is produced, it appears to be due chiefly to the abundance of 
oxygen that has been absorbed in passing as rain through the 
air. Eain water freshly fallen, rapidly dissolves lead ; but it may 
lose its activity by flowing for a considerable distance in an open 
channel, and taking up carbonic acid to a degree which majr 
render it innocuous. Excess of carbonic acid in water materi- 
ally aids its solvent power on lead. In manufacturing districts, 
rain water is liable to be polluted with sulphurous acids, which 
act violently upon leaden cisterns. In the country upland waters 
are apt to be charged with humic or other acids which act power- 
fully on lead. Oxygen, nitrous and nitric acids, all chlorides, and 
quicklime, also form soluble poisons with lead. Nitrate of am- 
monia is said to be peculiarly active when it comes into contact 
with this metal : and all these matters are apt to be present in soft 
waters. 

1744 — In what form h white lead used? What are its charac- 
ters ^ What form of 'poisoning does it produce ? 

White Lead, Carbonate of Lead, Ceruse or Kremser Whit^, is 
used as a pigment. It is generally in the form of white, heavy, 
•chalky masses insoluble in water, and, when taken in large doses, 
poisonous. It is this substance which, in the majority of cases, 
causes chronic lead-noisoning, or painter's colic. 

The chloride and nitrate^ the oxides, litharge and red lead, are 
all poisonous ; but the sulplmte, dub probably to its insolubility, 
appears to be inert. 

1745 . — What suhstituies for ordinary lead pipes are now available j 

There arc many of these now accessible, and where there 
is any tendency to solvent action, one or other of these should 
be adopted. Compound pipes have long been in use, the interior 
of which is block tin and the exterior lead ; the two metals are 
solidly united throughout, and the pijie can be bent without frac- 
turing the tin. A less reliable protective lining to lead pipes may 
be found in tar, bitumen, or le^ sulphide. Iron pipes are more 
satisfactory in every respect, except their rigidity, which renders 
them difficult to adapt to the bends and turns which are needed in 
Louses. Plain iron pipes may be employed, with some risk of 
trouble from rusting. Glass-lined or galvanised iron pipes are 
often used, and among other protective coatings may be mentioned 
Angus Smith’s varnish. Theoretically, the rustless Barff iron 
offers the greatest advantages for this purpose ; iron pipes of 
ordinary construction are exposed while hot to superheated steam, 
and thereby acquire a thin coating of magnetic oxide, Pe^O^, 
which renders tnem free from liability to rust as long as the 
coating is broken.* 
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174S.— What are the chief symptoms of lead^poisoning f 

Among the symptoms caused by lead-poisoning are dyspepsia, 
constipation, colic, paralysis of the extensor mus<Mes of the hand 
leading to wrist-drop. A characteristic blue line appears along the^ 
edges of the gums, due to the formation of sulphide of lead in the 
tissue. It has been observed that abortion is common in districts, 
where lead-poisoning prevails, and 8ometime.s to such a degree as 
to materially lower the birth-rate. 

1747 . — Whai are symptoms of chronic lead-poisoning f 

(a.) This form of poisoning generally occurs among painters,, 
manufacturers of white lead, pewterers, and others. The early 
symptoms are those of ordinary colic, only more severe. The 
patient generally complains, in the first instance, of feeling unwell, 
and of general debility. He then suffers from pain of a twisting, 
grinding nature, felt in the region of the navel. The bowels are 
obstinately confined. The appetite become# capricious, and may 
be entirely lost. The mouth is parched, the breath fcetid, the 
countenance sallow, the skin dry, and general emaciation sets in. 
A nasty sweetish metallic taste in the mouth is present in most 
cases. Not unfrequently the subjects of lead poisoning experience 
a peculiar form of paralysis of the upper extremities, well known- 
as “ dropped-hand.” Tt appears that this condition is the result of 
paralysis of the extensor muscles of the wrist. The muscles 
undergo a form of fatty degeneration. The lead appeai*s to act 
primarily on the muscles, then on the nerves, and lastly on the 
nerve centres. The gums, at their margins where they join the teeth, 
present a tvell-marhed blue line absent tohere a tooth has been r&tnoved. 
This is not present in all cases, but it should be looked for. 

(6.) Chronic lead-poisoiiiiig, seen in type-setters, type-found- 
ers, painters, potters, and others. General symptoms : Lead 
line on the gums, lead anaemia, and lead cachexia. Important 
groups of symptoms are lead colic ; violent colicky pains, 
radiating from the umbilicus, usually constipation, exceptionally 
diarrhoea, abdomen concave and hard ; vomiting ; hard slow 
pulse. Temperature usually normal. Urine sometimes contains a 
trace of albumen, duration one or two weeks. 

With regard to the minor effects of lead-poisoning Dr. B. W. 
ItiCHA-RDSoN remarks that “contamination of water, both hard and 
soft, impure and pure, by lead, is, in all parts of the kingdom* 
and under every variety of circumstances, the cause or source of 
various obscure diseases of man (and also doubtless, of the lower 
animals), of the nature of dyspepsia and colic especially. 

17 What are the various ways in which lead-poisoning way- 
be prodticed ? 

Lead-poisoning may result from — 

(a.) Constant contact with lead and its salts in manufactories. 

(h.) Its use in the arts and as a pigment. The iujariotui^ 
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effects of this substance are strikingly seen among painters, the 
makers of glazed cards, and the workmen engaged in preparing 
Brussels lace — this material being whitened by beating white lead 
into it. All thus employed are liable to suffer more or less from 
chronic lead-poisoning. 

(c.) Its application to the surface of the body in the form of 
ointment, plasters, cosmetics, and hair-dyes. 

(d.) Drinking water impregnated with lead, from being stored 
in leaden cisterns or conveyed in leaden pipes. 

“ The action of water upon lead is much modified by the 
presence of saline substances. It is increased by chlorides and 
nitrates, and diminished by carbonates, sulphates, and phosphates, 
and especially by carbonate of lime, which, held in solution by 
excess of carbonic acid, is a frequent ingredient of spring and 
river water. But water highly cnarged with carbonic acid may 
become dangerously impregnated with lead, in the absence of any 
protecting salt, in consequence of its solvent power over carbonate 
of lead. In general, water which is not discoloured by sulphuretted 
hydrogen may be considered as free from lead ; but there are few 
waters which have passed through leaden pipes, or have been 
retained in leaden cisterns, in which a minute analysis will not 
detect a trace of the metal ; and were it not for the great conveni- 
ence of lead, iron pipes and slate cisterns would, from a sanitary point 
of view, be in all cases preferable. Another case of contamination 
by lead may arise from electric action, as where iron, copper, or tin 
is in contact with or soldered into lead.” 

In his investigations with regard to the Devonshire colic, 
which formerly prevailed to a great extent, Sir Geokgk Baker 
found that eighteen bottles of cider which he examined contained 
44 grains of lead, or a quarter of a grain to each bottle. The 
impregnation arose from lead being employed in the construc- 
tion of the cider troughs. 

Lead-poisoning has happened as a result of the drinking of 
acid wines (especially home-made) which have taken up lead from 
the vessels in which they have been made. 

In the case of the ex-Royal family of France, many of whom 
suffered when at Claremont from this species of water contamina- 
tion, the amount did not exceed one grain per gallon ; indeed, from 
cases which have since occurred, it seems nrobable that the habi- 
tual use of water containing from one- tenth to one- twentieth of a 
grain per gallon may be attended with danger. 

At several important towns, notably Huddersfield, Bradford 
and Sheffield, great complaints have been made quite recently, 
respecting the numerous cases of lead-poisoning that have occurred 
attributable to the action of peaty water upon lead, and the Local 
C^vemment Board has been urg^ to take action in the matter. 



480 WAXSB. [PA»T % 

1749 . — Wliat measures may be adopted to prevent tits action of 

certain waters o»4 had pipes ? 

1. The evil effects of the employment of leaden pipes and 
water cisterns may be remedied by converting the inner surface of 
the metal into an insoluble sulphide by boiling in it a solution of 
sulphur with soda. 

2. Carbonic acid, when dissolved in water, is a complete pro- 
tection against lead-poisoning. Two volumes ot carbonic acid, dis- 
solved in 100 volumes of water, completely protect even distilled 
water from such contamination, 

3. To remove lead from water. Professor Faraday recommends 
the practice of stirring up animal charcoal with water so contami- 
nated ; the same being then allowed to settle. 

1750 . — State hriefly the leading points connected with the presence 

of lead in water-supplies. 

Some hard waters, whose hardness is due to chlorides or 
nitrates, dissolve lead with more rapidity than soft water ; but if the 
hardness be due only to the earthy carbonates, the lead becomes 
coated instead of being dissolved. The salts of lime, too, render the 
water nearly harmless in this respect. 

It has been stated that waters which are able to affect iron in 
the most decided manner ai'e also those which are able to affect lead. 

Even when soft waters do attack lead, they usually do so only 
while the surface is clean and bright. So soon as the metal becomes 
tarnished (which it does in a few weeks), the pipes are protected, 
and the action greatly reduced or entirely suspended. 

The action of water on leaden pipes is increased by allowing it 
to stand for several hours, and then drawing it off. 

Leaden pipes corrode more i*apidly at the bends than at other 
places . 

Tinning leaden pipes partially prevents them from being eaten 
away by water : but leaden pipes, lined with block tin, are the best 
for this purpose. 

Zinc is by some regarded as almost or quite as dangerous as 
lead. 

The water in the boilers of kitchen ranges is sometimes 
poisoned by the presence in them of lumps of red lead, carelessly 
left by workmen when putting the iron-work together. 

1751 . — What is the test for iron in watei' ? 

Eed and yellow pmssiates of potash give a bine precipitate. The 
red pmssiate is used for ferrous, and the yellow for ferric salts. 

1762 . — Wliat is the test for iron in water most commonly used? 

A mixture of ferro and ferrocyanide of potash strikes a blue 
colour. 

1753 . — Howma/y we estimate the amount of irm present ^ 

By comparing the blue colour produced in the natural water 
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with that produced in pure water containing a known amount of 
iron. Keep the tubes in the dark for 12 hours or so, to prevent the 
blue precipitate from falling to the bottom. 

1754. — How may WG distinguish by chemical tests hefiveen iron,, 
lead, and copper f 

In a glass with the water put a little iron compound ; add 
This gives a black precipitate. But we get a black or 
brown precipitate with lead or copper also. Now if we add to the 
coloured solutions an excess of HCl, in the lead solution no 
change occurs if iron is present, the sulphide of iron disappears 
completely. 

Between lead and copper the process is a long one In lead, 
water, we add chromate of potash, a chrome-yellow precipitate 
occurs. 

By addition of KI solution we get yellow iodide of lead 
which is soluble on heat and recrj'stallisetv, on cooling in milky crys- 

tals. 

Copper compounds are injurious when habitually ingested, and 
hence waters containing this metal ought to be rejected. 

1765.— irw reagent is required for the colorimetric test of iron ? 

Dissolve 1 gramme of pure iron wire in nitro-hydrochloric acid ; 
precipitate the feme oxide with ammonia ; wash the precipitate ; 
dissolve in a little hydrochloric acid, and dilute to 1 litre. 

1 C.C. = 1 milligramme of iron. 

This is the strong solution. 

For use it is diluted 1 to lOO. so that 

1 C.C, = 0*010 milligramme of metallic iron. 

1 C.C. = 0*027 „ of iron phosphate** 

1756. — Give an example as to the method of calculating the 

amount of iron in %cateo\ 

Suppose 500 C.C. of a water was oxidised with permanganate and 
made up tol litre. Of this 50 C.C. gave as much blue colour with 
ferrocyanide as 0*5 C.C. of the standard iron solution with 50 C.C. 
of distilled water. Then 0 5 x 0*1 X 20 = 1 milligramme is the 
quantity of iron in 500 C.C. of the water under examination ; and 
lx '2 = 0*2 is the iron per 100,000 parts ; and 1 X 0*14 = 0*14 is the 
grains of iron per gallon. • 

In operating upon chalybeate waters greater dilution is neces- 
sary ; but the results are sufficiently accurate for all ordinury 
purposes. 

1757. — Tr;»<ie are the properties of chalybeate waters T 

Waters containing iron salts are nauseons, stain linen, and are 
unfitted for drinking and washing purposes. All natural waters^ 
pjn*hap8, contain some small trace of iron compounds, but not suflSl- 
dent to communicate a perceptible flavour to the water. 

• Pabses’ Practical Mygitne, 7th Ed. 
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It iBan ingredient in many natural waters, to which it gives 
a characteristic inky (chalybeate) taste. It is also freauently de- 
rived from iron tanks or pipes through which the water nas passed. 
Water is unsuitable for drinking if it contains more than one 
grain of iron per gallon — that is, 15 parts per million. Ferrugi- 
nous waters are said to be liable to cause dyspepsia, headache, and 
malaise in those unaccustomed to their use. Iron adds to the 
hardness of water. 

Chalybeate waters should, if better water is procurable, be 
rejected as unfitted for domestic supplies. 

metals have been 'particularly investigated in t}u>ir 
relation to water f 

Of the metallic ingredients, the effects of iron and lead have 
been the most fully ascertained. It would appear that iron if 
present in quantities large enough to impart a chalybeate taste to 
the water, otten produces headache, slight dyspepsia, and general 
malaise, while impregnation with lead from leaden cisterns or 
pipes has frequently been followed by 8ymj)tom8 of lead-poisoning. 

1759 . — What amount of iron gives a chalybeate and astringent taste 

to water ? 

About |rd of a graip. 

1760 . — In what way does ::inc get into drinking icaters ? 

Sometimes from galvanised iron vessels. A thin layer of zinc 

coats the iron. Water containing nitrates, etc., soon attacks the 
zinc and corrodes the iron. 

1761 . — IF/iaf is the ordinary test for zinc ? 

HaS solution gives a Tvhite precipitate of zinc sulpliide. 

^Neutralise the filtrate from the processs for the detection 
of copper, and add ammonium acetate. A white precipitate indi- 
cates zinc as zinc sulphide. The precipitate is soluble in HCl, 
HN 03 ,H,S 0 *. 

1762 . — What is the test for copper? 

Copper, like lead, strikes a brown or black colour with ammonia 
-sulphide not discharged by acid. 

1763 . — How may copper in water be estimated quantitatively ? 

It may be determined Quantitatively by a colorimetric process 
similar to that for iron or lead, the standard solution containing 
1 milligramme of copper in each C-C. being made by dissolving 
gramneof cry.stallised cupric sulphate in a litre of distilled water. 

1764 . — are the other tests for copper ? 

1. We must use its separate tests if we are to test differentially 
Its solution with a little solution NH, gives a beautiful blue colour, or 

2. Yellow prussiate of potash senution gives a chocolate colour. 
These are not important tests, for if we are certain that a definite 
quantity of any heavy metal is present we condemn the water* 
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These tests may be conducted accurately in one process a» 
follows ; — Concentrate the water to a small bulk, acidify with 
nitric acid and pass hydrogen sulphide, and filter. Dry and 
incinerate precipitate, and then add dilute sulphuric acid. A blue 
colour with ammonia, or a brown colour with potassium ferro- 
cyanide, indicates copper. 

1765.— is the ordinary qualitative test for arsenic ? 

Concentrate the water, acidify with HCl and boil with pure cop- 
per foil. If a deposit occurs remove copper foil, wash with pure 
water, and heat in a reduction tube. Examine the sublimate 
with a lens or uuder a microscope. 

1766 — What quantities of arsenic or copper would he enough to 

condemn the water ^ 

The merest trace of either of these elements should cause the 
water to be absolutely condemned. 

1767. — ir/icre are arsenic and copper likely to be found in 

waters ^ 

Only in places in which chemical industries form the sources 
of contamination, or w'here the water passes through strata con- 
taining the ores of these ^elements. 

1768. — are the effects of chromium salts in water ^ 

Chromium salts, especially chromates, act as virulent poisons, 
even when taken in small quantities. These compounds are but 
rarely met with in waters, and exclusively in mining districts. 

1769. — Jlow may metallic- poisoning from the water of uatersup- 

plies he caused ? 

By pollution of drinking water with refuse from trades and 
drainage from metalliferous mines, or from absorption by water of 
the metals used in the construction of distributing pipes, tanks, 
and cisterns. The amounts of mercury, copper, zinc, or arsenic, 
which must be present in the water to give rise to symptoms 
of poisoning have not been ascertained ; as regards lead as little 
as ^th grain per gallon may produce plumbism in predisposed 
persons. In the case of the poisoning of Louis Philipp s family at 
Claremount, -j’^th grain of lead was found in each gallon of water. 

1770. — is the relation of organic pollution to the metallic 

impregnation to water ^ 

Occasionally animal organic matter acts in an indirect way by 
producing nitrites and nitrates which act on metals. 

Dr. Basdexer, a physician in Welldon, was ^jailed to some eases 
of sickness produced apparently by water. On examining this 
point he found the water was drawn frorm a pump with a copper 
cylinder, and contained a considerable quantity of copper, which 
aeemed to be in combination with some organic matter. Bead (as 

28 
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might have been anticipated) was also largely present in this water 
as leaden pumps were used ; iron, on the contrary, was not dissolved. 

I771.--What is a simple test for the presence or absence or injurious 
metals in wafer f 

The water should yield no colouration, or only the faintest tint 
of colour, on the addition of tincture of galls (absence of excess of 
iron), and it should not darken on the addition of a drop of sul- 
pliide of ammonium followed by a drop or two of strong hydro- 
chloric acid (absence of lead and copper). 

1772 . — Is the presence of metals in th e subterranean strata cm im^ 
portant item of information in deciding as to whether a 
particular water is suitable for town supply ? 

The water of mountainous districts, especially where metals 
abound, as in Cumberland and Derbyshire, should be very carefully 
searched for metals. In deciding upon the water-suppl}" to a town, 
the question of the possible presence of poisonous metals assumes 
great importance, since it is by no means certain that filtration is 
capable of removing such impurities. 

It is only necessary to mention the fact of metals passing into 
the drinking water, either by trade refuse being poured into streams, 
or by the water dissolving the metal as it 'flows through pipes or 
over metallic surfaces. 

t77Z,^When is arsenic t copper y or mercury found in drink- 
ing waters in injurious quantities ^ 

When streams are polluted by the washings from mines or 
chemical works. 

* Zinc, copper, and arsenic, although rarely occurring in natural 
waters, may occasionally gain access by means of trade pollution, 
or by the solvent action of w^ater (especially water containing 
organic matter, nitrites, and nitrates) upon the pipes and vessels 
with which it comes into contact. 

1774. — Does the presence of zinc^or copper y or arsenic militate 
materially against the usability of a water ? 

Yes. Any trace of any one of these substances renders a water 
unfit for drinking purposes. 

1776.~lF7iaf is the influence of barium compounds in minute 
quantities ? 

The effects of barium salts taken continuously in small quanti- 
ties is but little known, and of little practical interest to the 
sanitarian. 

1776. — Is the presence of metals in a water-supply of imporicmce ? 

In this respect metallic contamination forms the most fatal of 
all objections to drinking water, and is far more dif&cult to remedy 
ttmn organic contamination, which may be got rid of completely by 
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proper filtration. London has, perhaps, had a most fortunate 
■escape in the collapse of the great scheme for bringing water to it 
from the lake district of Cumberland. 

Metallic-poisoning may be caused by pollution of drinking 
water with refuse from trades, and drainage from metalliferous 
mines, or from a»> sorption by water of the metals u‘'.ed in the con- 
struction of distributing pipes, tanks, and cisterns. The amounts 
of mercury, copper, zinc, or arsenic, which must be present in the 
water to give rise to symptoms of poisoning, have not been ascer- * 
tained *, as regards lead, as little as Si's'll gallon may pro- 
duce plumbism in predisposed persons, 

1777 . — W/kU refuse is particularly noxious ^ 

The refuse from the operations on lead, zinc, copper, arsenic, 
tin, and baryta mines. In these the water is poisoned at once. 

Pure water should contain no heavy metals although a trace of 
iron may be found sometimes. In some cases iron seems beneficial, 
as it helps to oxidise the organic matter. The presence of any other 
heavy metal ought to condemn the water. 


CHAPTER XXI. 

Examination of Water — roniinurd. 

Solids in Water. 

1778. — TF// at are the points to he comidered in connection with 

the quantity of solids in ivafer ^ * 

No drinking water should contain an excess of solids, especially 
when these solids consist of lime and magnesium salts. Eight 
grains to the gallon is the limit in a first class water, and one 
grain of this alone should bo dissipatevl on heating. Should the 
solids consist chiefly of chalk, not more than 14 grains should 
be present. Some authorities, however, permit of a much larger 
amount of solids when they are purely of a mineral nature. 

1779. — JTow; are the dissolved solids of water determined 'f 

l^he solids are determined by evaporation. If very good scales 
are av^ailable, 200 C.C, of the water are .sufficient, if the scales are 
inferior, 500 or 1000 C. C. of the water must be taken ; then evapo- 
rate to dryness with a moderate heat, taking care that the water 
does not boil, else there may be loss from spurting. If the smaller 
quantity be taken, the whole evaporation may be conducted in one 
vessel (of platinum if possible) ; but if the larger amount must be 
used, the eva]:>oration should be commenced in a large evaporating 
dish, and the concentrated water and deposit, if any, transferrea 
into a small weighed crucible. The transference demands great care, 
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do that none of the solids shall remain encrnsted in the eraporating^ 
dish. All the contents of the large dish being transferred, evapo- 
rate to complete dryness in an air, water, or steam hath, at 212° 
Fahr. (100° C.). Weigh as soon as the capsule is cold, as the dried 
mass may be hygroscopic.* [If possible the water should be clear 
by allowing any contained solids to subside and not by filtration. 
If the residue in the evaporating dish blackens when it is in- 
cinerated over a flame, the presence of organic impurities is indi- 
*cated, and should a bad smell be given off at the same time, it may 
be inferred, that some of these impurities are of animal origin. 
Another test is that of holding a piece of filtering paper which 
has been steeped in a solution of potassium iodide and starch 
and afterwards dried over the dish during incineration, if this 
. becomes blue, it shows that nitrous acid fumes are being given 
off which almost always arise from animal, and not from vegetable 
matter. According to Dr. Parkes the total solids in good water 
should not exceed 8 grains per gallon, unless it be a chalk water in 
which case they should not exceed 14 grains of calcium carbonate. 
Usable waters may, however, contain as much as 30 grains. The 
organic matter should scarcely blacken on incineration, or, if the 
blackening is considerable, it should be ascertained to be chiefly 
due to the presence of vegetable matter.] 

17BO.^}Iow do you esiimate the total residue or “ total dissolved, 
solids 

By carefully evaporating a pint (20 ounces) of the water to 
dryness, and then heating for some time at 100° C., until the residue 
ceases to lose weight : this=the amount of the “ total dissolved 
solids/’ 

1781 . — What is to he done next ^ 

Heat the above to redness for a few seconds, and weigh again. 

1782 * — What does this give you ? 

The loss of weight isn=the amount of “volatile residue.” 

1783 . — Of what (loes it consist ^ 

Destructible organic matters, nitrites, ammoniacal salts and 
sometimes chlorides. 

1784 . — How are the fixed solids determined f 

Incinerate the dried solids at as low a heat as possible ; watch 
the process, and note if there be much blackening, or if any fumes 
can be seen, or any smell be perceived as of burnt horn. A piece 
of filtering paper dipped in solution of potassium iodide and starch, 
and then dried, or a piece of ozone paper, should be held over the 
crucible to detect any nitric oxide which may be given off.* 


* Parkes" Practical Hygiene, 7th Ed. 
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178S.— How are the results of the quantitative examination of 
solids expressed ? 

The results may be expressed in various ways, hut most 
usually they are stated as parts in 100,000 (which is, of course, 
equal to centigrammes per litre), or grains per gallon (t.e., parts 
in 70,000). 

Z786 . — Oive an example. 

Total solids. — 200 C.C. dried : — 

Weight of dish and residue . . . 19*27 grammes. 

,, of dish alone .... 19*23 „ 

Difference . . 0*04 

being weight in gramme of total solids in 200 C.C. of water. 

To bring to centigrammes })er litre, or parts per 100,000 : 

0*04 X 500=20 = centigrammes per litre, or parts per 100,000. 

To bring to grains per gallon : 

20 X 0*7= i4‘0 grains per gallon.* 

1787.~JFJow is the amount of the volatile solids obtained? 

By subtracting the fixed solids from the total solids. 


1788.— Give an example of this ? 


Parts pei 100,000. 
Total solids = 20 0 

Fixed „ = 15 0 

Grains per gallon. 
14*0 

10*5 

Difference, being volatile solids, 5*0 

3*5 


1789. — How are the fixed solids estimated f 

l^he dried total solids having been weighed are incinerated 
and then weighed again, this result gives the fixed solids. 

[If, as sometimes happens, the “ total solid residue ” consists of 
deliquescent salts, the residue must be weighed at once after 
evaporation.] 

1790. — Give a conqdefe example as to how we determine the amount 

of solids in water and how the amount is expressed ? 

The solids are expressed as 

(a) Total. 

(b) Fixed. 

(c) Volatile. 

The total solids are got by boiling down 250 C.C. to a small quan- 
tity to be poured into a weighed clean porcelain crucible, and then 
evaporated over a hot air or sand bath The dried residue in the 
crucible is the total amount of solid matter. 


* From Parkes* Practical Hygiene^ 7th Ed. 
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Suppose the 250 C.C. of water when completely evaporated 
weighed with the capsule 

16*49 grammes, and the capsule alone weighed 

*05, the dilference=the total solids in 250 C.C. of water 
or *05x4= *2 grammes per litre by moving the decimal point two 
places to the right(=20*0) we get centigrammes. 

(h) Fixed solids. — Incinerate the solid residue of total solids 
contained in the capsule, and weigh the latter with its incinerated 
contents once more ; the weight, minus that of the capsule, represents 
the fixed solids in 250 C.C. of w'ater, which X 4 gives amount per 
litre, and this divided by 100 gives centigrammes i)er litre or parts 
per 100,000; this latter result X •7=grains per gallon. Suppose 
Weight of capsule plus incinerated ash= 16*46 grammes 
Weight of crucible alone = 16*44 


Difference *02 

The difference *02 is fixed solids in 250 C.C. of water; *02x4=*08 
grammes per litre, or *8 grammes per 100,000 parts. 

We therefore use the divisor 2, because it comes to the same 
thing as multiplying by ,20, and *25, and subsequently dividing 
by 10.^ 

Volatile soh'd^=total solids minus the fixed solids. In the 
case above mentioned. 

Total solids = *05 
Fixed „ = *02 

Difference *08x4=*12=Yolatilc solids. 

1791.— W/iat is the limit of ‘‘ total solids^' in a first chiss water T 

Fight grains. 

X7B2i.— How much of this should he volatilised hy heat ^ 

Not more than 1*5 grains. 

1793 . — Is this of much importance ^ 

At the present day it is not considered to be of much signi- 
ficance because it does not indicate the nature of the organic 
matter or volatile bodies dissipated. At one time it was reckoned 
an important part of water analysis. 

1794. — Does this limit of total solids hold good for chalk waters T 

No ; but even in these not more than 14 grains should be con- 
tained in a gallon. The general opinion is here given. Some 
autborities hold that as much as 40 grains of calcium carbonate 
may be contained in water without injury to health. 

1795. — When is the result given hy the loss on ignition valueless ? 

The “ loss on ignition or the so-called “organic and volatile 
matter ” is of no value whatever in the case of well water or of other 
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waters j^iving a considerable amount of solid residue ; this is 
especially the case when there is a large proportion of chlorides 
and nitrates. 

[The loss on ignition may be stated as “ volatile substances.*^ 
It consists of destructible organic matters, nitrates, nitrites, am* 
moniacal salts, combined water, combined carbonic acid, and some- 
times chlorides. The variableness of the composition of the 
“ volatile substances ’* has led to the disuse of the process by 
ignition as too uncertain. Combined with other evidence it gives, 
however, some useful indications. The incinerated solids may be 
examined for silica and iron.] 

1796 . — In heating the total solids hov^ may we judge of tlie nature 

and amount of organic ma tter ? 

1. By the smell — that of burnt feathers points to animal 
organic matters ; that of burnt bread shows the presence of vege- 
table organic matters. 

2. The extent of charring produced ; organic matters invariably 
blacken when heated : thus 2 to 4 grains per gallon causes a blackish 
hue in dish; 5 to 8 grains gives a distinct blackening, and 9 to 12 
grains gives a very decided black colour. 

[We may detect nitrous acid from nitrites by means of ozone 
paper, or paper impregnated with Kl, and starch solution ; this 
IS moistened and held over fumes arising from the crucible.] 

Wanklyn remarks that if the solid residue does not exceed 30 
or 40 grains per gallon the amount of solids affords no reasons for 
rejecting the water for domestic use.* 

1797 . — Show hg another example and figures how the amount of 

solids dissolved in water is ascertained ^ 

Dissolved Solids — 

Weight of clean crucible = lb’92 grammess 

,, of crucible after evaporation == 16 99 „ 

,, „ incineration = 16 97 „ 

(а) Total Solids = *07 x 4 x 100 = 28 parts per 100, OOO ; 

or (28 X '7), 19 6 grains jier gallon. 

(б) Volatile i:>olid8 = ‘02 x 4 X 100 = 8 parts per 100,000 or 

5*6 grains per gallon. 

(c) Fixed Solids = 20 parts per 100,000 parts or 14 grains per 
gallon 

1798 . — Does the amount of total solids in water vary ^ 

Yes, they vary within very wide limits, some containing only a 
few grains, others such as selenitic and some sandstone waters con- 
taining as much as 250 parts per 1(X),000. 


Water Analysis, 7th Ed., p. 22. 
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1799. -Jfame Mome waters containing a very small amount 

total solids ? 

Pure upland surface waters contain very little, sometimes not 
more than 8 to 4 parts per 100,000. The Loch Katrine water, sup- 
plied to Glasgow, yields only 2*4 per 100,000; Thirlmere Lake, pro- 
posed as the supply for Manchester, about the same ; and Yyrnwy, 
Juroposed as the supply for Liverpool, 3*4 per 100,000^^ 

The amount of solids even in a good drinking water is very 
variable, and depends a good deal on the geological stratum of the 
district Dr. E. Parkes was of opinion that a good potable water 
should not contain more than 35 grains per gallon of solids, or 50 
per 100,000 Some of the best artesian well waters in London contain 
over 50 grains per gallon of solids, much of which is common salt, 
and the highly valued table-waters imported from the continent 
contain nearly 100 grains per gallon of nnneral constituents or 140 
per 100,000. It is, indeed, rather the quality than the quantity of 
mineral matter present which is to be regarded in judging of the 
suitability of a water for domestic use. As a rule, however, those 
waters which contain 1 4a st mineral matter are deemed most suitable 
for domestic supplies, though there is high authority for thinking 
that a certain amount of chalk in a water is beneficial. In one re- 
spect this is an advantage, for such waters, being slightly alkaline, 
act but little on lead, whereas the soft waters containing little solid 
matter are often acid, and act freely upon leaden pipes and cisterns. 

1800. — On an average what amount of solids is contained in the 

best upland stirface water ^ 

About 7 parts per 100,000 or 5 grains per gallon. 

1801. — is the significance of the loss on ignition ^ 

The loss which the dry solid matter obtained by evaporation 
of the water under examination undergoes when ignited is now-a- 
days but little regarded. When coupled with the manner in which 
the solids behave during the burning process, this determination is, 
however, a valuable one. The blackening, the odour, and the char- 
acter as regards colour and acidity of the fumes evolved should by 
no means be neglected, for in this way the experienced analyst 
will obtain valuable information The actual amount of loss — cor- 
rection being made for the substitution of the N 2 O 5 radical of 
nitrates by the CO 3 radical of carbonates during ignition— is also 
an index of quality, provided chlorides and sulphates are not very 
abundant. * When these are present, the loss is increased by the 
loss of water of hydration of these ^alts not expelled at the temper- 
ature at which the water residue was dried in the oven. In an 
undoubtedly good water the loss on ignition is small — 1 or 2 grains 


• Fabkbb’ Practical Hygiene^ 7th Ed. 
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perhaps per gallon — and the residue during ignition, though it 
may asstime a shade of brown or grey, never really blackens or 
evolves the odour of burnt feathers. 

1802 . — What ia the maximum amount of solids that should 

dissipated hy heat ? 

Not more than 1*5 parts per 100,000 should be volatile or dis- 
sipated by red heat. Further, the solids should blacken but slightly 
on heating. 

1803 . — Is there any exception to this rule ? 

Yes ; in the case of peat water more latitude as to dissipated 
solids may be allowed. 

After we have got solid residue the addition of n few drops of 
HCl causes effervescence. 

1804 . — What does this show ? 

This shows that they consist of carbonates. 

^ZOS.—What is the limit of mineral salts allowable in water ^ 

In water for drinking it should not exceed 4()0 parts per 
million, and a good water will not contain more than 100 parts. 
’[An excess of mineral salts in general leads to digestive disturb- 
ances, in the form of dyspepsia, diarrhoea, or constipation; but 
this effect is largely dependent upon the nature ot the salts 
present.] 

1806 — Hov) may tve estimate the amount of carbonates in water ? 

By determining the alkalinites and measuring tlie degree of 
hardness. 

1807 . — TFAai are the varieties or classes of solid particles met with 

in suspended water ^ 

Particles of mineral matter, such as sand, chalk, mica, clay, per- 
oxide of iron, dead animal and vegetable jiarticles, orrniiiiite living 
animal and vegetable bodies. 

1808 . — How may we carry out the chemical examination of the 

sediment f 

The amount of sediment is told by t/iking two equal quantities 
of water (say 2 litre), evaporating one quantity to dryness at once, 
and the other after subsidence or filtration, so that suspended mat- 
ters are as far as possible separated, and then weighing the two 
residues. The difference between the two weights gives the amount 
of the sediment. Or a certain amount of water may be allowed to 
stand until all the sediment has fallen ; the water is poured off, and 
the sediment dried and weighed. If good Swedish filtering paper 
is obtainable, the sediment may be obtained at once ; two fitters 
should be moistened with dilute hydrochloric acid, then washed 
with distilled water and then dried. The amount of ash in one filter 
should then be determined by incineration ; the sediment should 
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be collected on the other filter, dried, weighed, and then incinerat- 
ed. The ^ash of the filter itself being known, the weight of the 
ignited sediment is the total weight, less the ash of the filter. If it? 
be wished to carry the analysis farther, the sediment is incinerated, 
mineral matter remains, while all animal and vegetable matter, 
whether previously inanimate or living, is destroyed. This matter 
of such various origin is generally stated under th^ vague terms of 
organic or volatile matter, but this gives no i(|ea of its origin. 
Some of this so-called organic matter may have b|en dead, another 
portion living. The mineral may be further determined by digest- 
ing in weak hydrochloric acid by the aid of heat| the undisaolved 
matters are silica and aluminum silicate; lime, iron, and magnesia 
will be dissolved, and can be tested for.* 

are the characters of the various miiieral ^article$- 
that may he met with in water ? 

Mineral particles may be easily known ; sand appears as large 
angular particles, often showing distinct conchoidal fracture ; clay 
and marl as round smooth globules unaffected by acids ; carbonate 
of calcium (chalk) sometimes smooth, but often crystalline, soluble 
in acids with effervescence. Iron peroxide appears m reddish-brown 
masses of an amorphous character, it is easily dissolved in hydro- 
chloric acid, and strikes a deep blue with the ferrocyanide of potas- 
sium (yellow prussiate).* 

1810 . — How are the nature and amount of mineral matter in solu^ 
tion determined ? 

The nature and amount of the mineral matters, iu solution, are 
determined by the soluble constituents of the various strata 
through which the water has passed, and the organic impurities dre 
regulated by the facilities for pollution, in the superficial soil and 
the completeness of purification by filtration lower down. Hence 
the water in shallow wells, especially if situated near dwellings or 
manured lands, is liable to contain much organic matter Washed 
from the soil, with or without partial oxidation into nitrates or 
nitrites; and also chlorides, which usually accompany organic impu- 
rites of sew'age origin. In peaty districts the water acquires a 
brown tint due to vegetable matter. Boil the water, and pour it ibto 
the long clear glass. Sand, chalk, and heavy particles of the kiiid 
will be deposited, finely-suspended sewage and vegetable matter |s 
little affected, unless it be a chalk-water, when the deposit of calciuih»i 
carbonate may carry down the suspended matter, Wlien the w'ater\ 
is commencing to boil, smell it to see if there is any trace of sewage, 
Kotice, also, if the ash be red (from iron). If clay has been added, 
it will be left undissolved by acids and water. If magnesium 
carbonate has been added, the ash is light and porous and bulky 
(Hassall). 


* Parkes’ Practical Hygiene^ 7th Ed. 
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191X.—What ia tk£ nature of the vegetable solid matters which 
may he met with in water ? 

Portions of wood, leaves, bits of the veins, parenchyma, or 
ducts are easily recognised. When vegetable tissue is more decom- 
posed nothing is seen but a dark, opaque, structureless mass. Any 
dark formless mass of this kind in water is almost certainly decay- 
ed vegetable matter. Bits of textile fabrics (cotton, linen) are not 
uncommon, and are important as indicating that the water .is con- 
taminated with house refuse. So also the cells of the potato, or 
spiral threads of cabbage and other vegetables used by man, are of 
value as indications of the same kind. Spiral cells are very 
indestructible, and are often found in river water to which sewage 
gains access. Carbonaceous masses also occur, either portions of 
soot from coal smoke, or hits of charred wood. 

Dead vegetable matter, such as woody film and portion of 
leaves and decaying vegeta^de matter consis ti ng of confervoid growth 
may all be found in water which cannot he pronounced unwhole- 
some. So also may diatomacm, infusoria, and entomostracan. 

Water collected from a peaty soil will contain large quantities 
of vegetable matter, while that from a soil well cultivated will be 
tainted with animal impurities. 

asia.—^re suspended matters injurious ^ 

As a rule they are practically harmless ; but tbeir presence is 
important as giving evidence as to the source whence pollution 
arises. For the most part suspended matters can scarcely be 
deemed injurious, but some of them, cotton fibres for example, 
may supply important evidence of pollution by household waste, 
or even sewage. 

1813. — TF/iai is the nature of the animal particles met with in 

water ^ 

Animals, or portions, such as scales from the wings of moths 
and butterflies ; portions of the wings of insects ; legs of spiders, bits 
of spiders' webs, and similar objects, are not uncommon ; but some- 
times even living animals of some size, apparently rhizopods and 
amoebiform bodies are met with. 

1814. — Hoir may we determine the nature of the suspended, 

matters in water ^ 

Pour some of the water into a long glass as already described^ 
and observe its appearance. Sus])ended sand or clay gives a yellow 
or yellow- white turbidity , vegetable humus and peat give a darkish, 
sewage gives a light brown colour ; but the colour or turbidity alone 
is a very insufficient test Then boil the water, and pour it back 
into the long glass. Sand, chilk, and heavy particles of the kind 
will be deposited ; finely suspended sewage and vegetable matter is 
little* affected, unless it be a chalk water, when the deposit of 
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calcium carbonate may carry down the suspended matter. When 
the water is commencing to boil, smell it to see if there is any trace 
of sewage.* 

1815 . — Which of the 'various sources of water is chemically the 

pu/rest as regards total solids ? 

Of the various kinds of water used for dietetic and domestic 
purposes, rain water, when collected at a distance from towns upon 
specially cleansed surfaces, and kept in clean receptacles, contains 
the smallest proportion of total solid impurity ; but the organic con^ 
tamination, even of such specially collected water, somewhat exceeds 
that of water from springs and deep wells. 

1816 . — Give n rough method for estimating the amount of suspend- 

ed matter in tenter ? 

Pass a known quantity of water through a filter paper previ- 
ously washed in distilled water. The increase in the weight of the 
filter paper gives the quantity of total suspended matter in the 
known volume of the water. Burn the paper, and weigh the ash; 
then burn an unused filter paper previously ascertained to be pre- 
cisely similar to that used, and also weigh its ash; the quantity of 
ash in excess of that contained in the unused filter gives the amount 
of suspended inorganic matter in the water. 


CHAPTER XXII. 

Examixatiox of Water — continued. 

Ammonia and Albuminoid Ammonia. 

1817 . — In what forms does nitrogenous matter appear in water ^ 

1. As free nitrogen. 

2. In combination with oxygen as nitrites and nitrates. 

3. In combination with hydrogen as ammonia (NH3). 

4. In combination with CO and H in other organic forms 
of which albumen is taken as the type, and hence called albuminoid 
ammonia. 

Nitrogen under one or other of the above forms is found in 
small quantities in all waters. Some of the chalk waters invari- 
ably contain nitrates and nitrites, probably due to fossil organic 
remains. The sources whence the nitrogen in water is derived 
vary. Rain water, especially when collected near towns, invariably 
contains small quantities of nitrogen in the form of ammonia, 
dissolved during the passage of the rain through the air. 


• Pabkeb* Practical Hygiene, 7th Ed. 
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The soTirces of nitrogenous organic impurities are chiefly at 
animal origin, due to infiltration from cesspools and churchyards. 
1818 . — What are the sources of nitrogenous substances or com- 
pounds in water ^ 

1. Decay or decomposition of animal and vegetatde remains 
in the water. 

2. Infiltration of sewage. 

3. Sewers discharged into the water. 

4. Animal and vegetable matter brought down by drains, 
ditches and streamlets, or dissolved out of the earth by rain water 
in its passage to the tank or river. 

5. By washing of clothes and bodies, and the refuse of 
manufactories on the river bank. 

6. By animal excreta, and independent sewers. 

1BX9,— What are included wnder the term “ organic matter ” in 
water ^ 

1. Nitrogenous and organic matter. 

2. Oxidizable organic matter which are chiefly n on-nitrogenous. 

1880 . — Give a table of bodies to be sought for and informaticm to be 

elicited in the quantitative tests for the determination of 
organic matter and their products. 

The analysis may be considered under two heads. — 

(A.) The determination of nitrogenous organic matters and 
their products, 

(B.) The determination of oxidisable organic matter, pro- 
l)ably chiefly non -nitrogenous. 

(A) Includes— 

(a) The determination of the free, saline or com- 
bined ammonia. 

ijb) ,> of the solid albuminoid 

ammonia. 

(c) „ of the nitric acid, existing 

as nitrates. 

(d) „ of the nitrous acid exist- 

ing as nitrates. 

(B) Includes — 

(e) The determination of the oxidisable organic 

matter by the permanganate process. 

1881 . — What methods are had recourse to to demonstrate quanti- 

tatively the amount of organic matter in water ? 

Wanklvn’s ammonia process, 

Frankland’s combustion process, and 
Forchammer’s oxygen process, 

[None of these profess to give the total amount of organic 
lasatter in water, but each fixes upon some one or more element, or 
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'Compound, or property, which is determined with precision and 
taken as a measure or index of the total organic matter, to which 
it is assumed to bear a constant ratio.] 

1822 . — FF'to two distinct methods are employed in the determi- 

nation of nitrogenous organic matters in water ? 

1. Wanklyn’s albuminoid ammonia, and free ammonia. 

2 . Fkankland’s organic C. and organic N. 

1823 . -^ot<; are the results expressed in figiires ? 

In grains per gallon, or in parts per 100,000, or in grammes 
per litre. 

lB2A,—IIow are grammes per litre, and milUgrammes per litre 

converted into grains per gallon ? 

Grammes per litre are converted into grains per gallon by 
multiplying by 70. Milligrammes per litre, if multiplied by *07, 
are brought into grains per gallon. Grains per gallon are con- 
verted into parts per 100,000 by dividing by 7 ; parts per 100,000 
are brought into grains per gallon by multiplying by *7. 

1825 . — Hoiv may grains per gallon he converted into milli-grammes 

per litre ? 

By multiplying by 14*3. 

1826 . — How may grains per gallon he converted into grammes per 

litre ? 

By multiplying by *0143. 

1827 . — What solutions are essentially needed for the deAenninaiion 

of the free and albuminoid ammonia? 

For this analysis we require — 1 . A standard solution of am- 
monium chloride, 1 C.C. of which = 001 of a milligramme of 
ammonia (NHg) ; 2. Kessler’s solution as a reagent for the detection 
of ammonia ; 3. A solution of potassium permanganate and caustic 
potash ; 4. Pure distilled water. 

1828 . — are the various solutions required for the deter- 

mination of free and albuminoid ammonia prepared ? 

(a.) Ammonium Chloride Solution for Nesslerising, 

0*315 gramme of ammonium chloride in 1 litre of water. 

This is the strong solution. 

Take 100 C.C. of this solution and dilute to 1 litre. 

This is the standourd solution. 

1 C.C. =0 01 milligramme of ammonia (NF 3 ) or 0*0082 

mgm. of nitrogen. 

(5.) Nessler's Solution , — Dissolve 35 grammes of potassium 
iodide in 100 C.C of distilled water. Dissolve 17 ^ammes of mer- 
curic chloride in 300 C.C. of distilled water ; warm if necessary, and 
allow to cool. Add the mercuric solution to the iodide solution until 
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a perceptible permanent precipitate is produced. Then dilute with 
a 20 per cent, sodium hydrate solution (caustic soda) up to 1000 C.C. 
(1 litre) : add mercuric chloride solution until a permanent precipi- 
tate again forms ; allow precipitate to settle, and then decant off 
the clear solution. 

(c.) Sodium Carbonate (sometimes required for free ammonia, 
but not usually needed.) — A 20 per cent, solution of recently ignited 
pure sodium carbonate. 

(d.) Alkaline Potaaaium Permanganate Solution (for albumi- 
noid ammonia). — Dissolve 200 grammes of potassium hydrate and 
8 grammes of pure potassium permanganate in 1100 C.C. of distilled 
water, and boil the solution rapidly till concentrated to 1()00 C.C. 

(e.) Distilled Water free from Ammonia. — The S.P.A. recom- 
mend boiling ordinary distilled water with 1 per 1000 of pure ignited 
sodium carbonate. If the water is distilled with a little phosphoric 
acid (as recommended by Notter), it comes over quite free- Test 
with a little Nessler’s solution.* 

1829 . — is the object of the carbonate of soda ? 

To expel the free acid from any water which is acid. As a rule 
it is not necessary to employ it. 

1830 . — Hovo is the carbonate of soda ttoluilon pre^mred ? 

A saturated solution of NaaCOs maybe prepared by boiling an 
excess of the common carbonate with water, and about 10 C.C. of 
the solid saturated nitrate of silver solution is the proper quantity 
to use in a water analysis. [Instead of solution the recently 
dessicated solid carbonate may be employed,] 

XB3\.— What is meant by **free ammonia ” ^ 

The ammonia which is in combination with nitric, carbonic 
and other acids, or with other bodies which are readily decom- 
posed. 

1832 .- What is the test for ammonia ? 

Nessler’s solution to the water, and if ammonia is present it 
gives a yellow tint varying with the amount of ammonia present ; 
even to a brick-red precipitate. This is also a quantitative test 
for NH,. 

This precipitate is quantitative by collecting and drying it. 
The precipitate of is a distinct indication of animal decompo- 
sition, and water is therefore to be rejected. By experience we 
learn the amount of ammonia ]>resent from the degree of coloura- 
tion produced in this reaction, although for exact analysis the 
quantitative method must be employed. If the ammonia is small 
in quantity, several inches in depth of water should be looked 
through on a white ground. 


♦Parke 8* Practical Hygiene. 
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1B33 . — Whaiia meant hy “ Nessleriaing ? 

** Nesslerising ” is a process by which the free or saHne 
ammonia in a sample of water can be readily determined with great 
accuracy. 

1834. — matters are in use in the determination of nitroge- 

nous organic matters ? 

The albuminoid ammonia process of Wankyln and the organic 
carbon and organic nitrogen processes of Feanki^and. 

1835. — TF/iaf are the principles of the Wanklyn process f 

1. That most of the injurious organic matter is contained in 
the nitrogenous organic matter, and (2) when nitrogenous organic 
matter is heated with a slightly alkaline solution of permanganate 
of potash, it gives off a certain proportion of its nitrogen as 
ammonia. 

This is a great drawback, as the results of one process, though 
perfectly comparable in themselves, cannot be compared with the 
results of another process. There are three processes usually resorted 
to by water analysts : (a) The albuminoid ammonia processy 

(Wanklyn’s) ; (&)The permanganate process ; (c)Thc organic carbon 
and organic nitrogen process (Peankland’s). 

1836. — Upon what principle are these last mentioned processes 

based ^ 

None of these profess to give the total amount of organic 
matter in water, but each fixes upon some one or more element, or 
compound or property, which is determined with precision and 
taken as a measure or index of the total organic matter, to which it 
is assumed to bear a constant ratio. 

1837. — proportion of actual nitrogenous matter does the 

ammonia evolved m this test represent ? 

Only one-tenth. 

1838. -^o«; is the carbonate of sodium solution prepared ? 

It is a saturated solution of pure sodium carbonate. 

1839. — What apparatus and solutions are required for the estima- 

tion of organic matter as free and albuminoid ammonia ? 

Apporatus, etc. — Retort (about one litre) and stand, burner, con- 
denser, Kessler glasses, litre flask, measure, (25 C.C.l for permanganate 
solution, burette, pepette marked at 2 C.C. for KessW’s solution, 
standard solution of ammonia, permanganate of potassium solution, 
sodium carbonate solution, Kessler’s solution, distilled water free 
from ammonia. 

1840. — is the fi/rst precaution to be taken ? 

Distil some pure water and reject the first portions of the dis- 
tillate. It should be tested as to its freedom from ammonia with 
Kessler’s reagent. 
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— la the absence of free ammonia, or its presence in a very s^nall 
amount, of importance in determining the organic purity 
of a water ? 

Free ammonia, being absent, or very small, a water should 
not ]>e condemned unless the albuminoid ammonia reaches some- 
thing like O'] 0 per million. Alnuminoid ammonia above O'lO per 
million begins to be a very suspicious sign, and over^ 0*15 it 
ought to condemn a water absolutely. The absence of chlorine, or the 
absence of more than one grain of chlorine per gallon, is a sign that 
the organic impurity is of vegetable rather than of animal origin; 
but it would be a great mistake to allow water highly contaminated 
with vegetable matter to be taken for domestic use. 

In the albuminoid ammonia ])rocess a clean cylinder is taken, 
and into it is dro])ped a certain measured volume of the dilute 
standard solution of ammonia, and filled up with distilled water 
to 5() C'.C. To this 2 C.C of Nessler's reagent is now" added ; if the 
colour produced is the same as that of the tested distillate, then the 
test is completed ; the number of C.C. of ammonia solutions repre- 
sents the ammonia or nitrogen in tile distillate. H the two solu- 
tions are not of (‘(pial di'pth of c'olour, another standard one must 
be made U]), and another comparison made until the colours are of 
the same depth Each 50 C.C of distillate after the addition of the 
permanganate must be tested until no colour is produced, and the 
amounts must be added together , the total represents the* albu- 
minoid ammonia ’ 

184 : 2 . — During the hailing process when does the NH^ come off? 

About 75 per cent, of the free ammonia " is i‘volvcdiu the first 
60 C.C. of the distillate. From this it follows that the whole amount 
need not be distilled, and that after the first 5U C.C. is given off, 
about one-third should be added to the result. 

1843 . — TF/mf is the most generally employed quantitative test for 

ammonia ? 

The method of Wanklyn and Chapman is that generally 
adopted. 

1844 . — is the use of Nessler s reagent in water analysis ? 

It is the most perfect qualitative and quantitative test for 
ammonia known. 

The process is dependent on the use of the Nessler test in the 
estimation of ammonia, and on the fact that nitrogenous organic 
matter yields a definite quantity of its nitrogen, in the form of 
ammonia, on distillation with an alkaline solution of potassium 
permanganate. 

1845 . — Is Nessler's solution a delicate test for ammonia f 

Yes ; by it we are able to detect 1 part in 20,000,000. It is the 
most perfect test for ammonia known. 

29 
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lS49*‘~Tr/ta< precaution U neceteary with regard to the Neuter 
solution ? 

That it be clear, or at least not turbid. This requirement is 
fulfilled if the solution is freshly made and discarded when turbidity 
arises. 

19^7 * — Hoiv should the N easier solution he Icept ^ 

The stock of Nessler solution should be kept in a well stoppered 
bottle from which a little is poured out from time to time as it is 
required. 

1848. — What are the characters of Nessler' s solution ^ 

Properly made theXessler’s reagent has a shghtly yellowish tint ; 
if quite white it is certain not to be sensitive and reijiiires further 
addition of corrosive sublimate. Itshoul'ibe tested before being 
used. This is done by taking about 2 C C. of the solution and 
adding to it a few dro])s of a very weak solution ol‘ ammonia (of about 
*05 milligramme ammonia in 50 C.C. of waterb and if itbe in pro- 
per condition it will at once strike a yellowish-brown hue with the 
solution. 

1849. -1^5 a qtiidih dive analysis vdien is theNTF^ looked for ^ 

During two periods, before and after adding the alkaline per- 
manganate solution. 

1850. — TT/taf is the ammonia called at each of the stages resjyec- 

tivelg ^ 

fl) Free or saline ammonia; (2) Abuminoid ammonia. 

IBSl.— What apparatus and solution are required for the atnmonia 
process ? 

The Nessler reagent. 

Standard ammonia chloride solution. 

Solution of KMnO* and caustic potash. 

Carbonate of -soda (sometimes). 

Distilled water absolutely free from ammonia. 

Retort. 

Liebeg’s condenser. 

Lamp and retort holder. 

Glass cylinders which shall contain about 160 C.C. for Ncssler’s 
test, are graduated at 100 C.C. and at 150 C.C. 

Nessler glasses. 

Half litre flask. 

Measure for solution of potassium permanganate. 

Graduated burette. 

Pipette for Nessler’s reagent, which should be marked off at 
2 C.C. 

Bottles, etc. 
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1852. — How ia the standard ammonia chloride solution prepared T 

Ammonium chloride *3146 grm., pure distilled water 1 litre. 
Each C.C. contains *0001 grm. of ammonia, that is one-tenth of a 
milligramme. 

1853. — What is the principle of the Nessler test for ammonia? 

The Nessler test is based on the fact, that when a saturated 
solution of iodide of mercury in iodide of potassium, rendered 
strongly alkaline by the addition of caustic potash, is added to 
water containing ammonia, various shades of a brown colour are 
produced. By comparing these shades of colour with those pro- 
duced in standard solutions of ammonia, the amount of ammonia 
present in the sample of water under examination may be esti- 
mated. It is necessary that the ammonia solution be very dilute ; 
for, if too strong, the reagent will be either precipitated, or the 
delicate shades of colour, so necessary for the success of the test, 
destroyed by the intense dark colour produced. In testing ordinary 
water, it is necessary to concentrate the water by distillation; but 
in the case of sewage, whicli is always rich in that substance, pure 
distilU‘d water, free from ammonia, must be added to the distillate 
till the pr()p3r degree of dilution is obtained. 

By the Nessler test we are able to measure the nitrogenous 
organic matter in waters by the quantity of ammonia yielded as a 
result of the destruction of the organic matters, the delicate Nessler’s 
solution showing accurately the amount of ammonia, the destruc- 
tion of the organic matter being effected by potassium permanga- 
nate in an enormous excess of caustic potash, the destruction being 
effected at the boiling point. 

1864.— TT/za^ is the object aimed at in comparing the distillate 
v‘ith that of the standards of distilled ammonia 

chloride y and Nessler s solution ^ 

The object is to make a solution of known strength equal in 
colour to the unknown. The two tubes when examined should 
be placed side by side, their ends resting on a white porcelain slab 
•or sheet of white paper. If they differ, another experiment must 
be made, more or le.ss of the standard ammonia solution being 
used as judged necessary. When the shade of colour in both tubes 
is alike, the amount of ammonia present may be calculated out. 
The other three tui)es may in turn be Nesslerised, and the amounts 
of ammonia found added together, but in most cases it will be suffi- 
cient to add a third to the amount present in the first 50 C.(y^ 
collected. 

X855.-iToit' is Nessler s solution prepared ? 

Thirty-five grms. of potassic iodide are dissolved in 100C.(>\ o£ 
water, 17 grms. of pure mercuric chloride are boiled in 300 C.C. of 
water and then cooled. The mercuric solution is added little by little, 
to the potassium iodide, until a permanent precipitate is formed. 
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The liquid is now made up to a litre, with a solution of sodic 
hydrate (strength, 20 per cent.)* Lastly, the reagent is made more 
sensitive by the final addition of a little more of the mercuric 
chloride solution, until a permanent precij^itate begins to form» 
The solution is put on one side to dc])osit, and the clear liquid 
decanted for use. 

1856 . — Hotv IS the quautiiath e tost Jor free ammonia cftrriod out ? 

Place in a retort 250 C.C. of the water to be examined. Attach the 
retort to a Liebeg’s condenser, and distil off aV)Out 130 C.C. ; collect 
1 C.C. more of the distillate, and test it with a few drops of N'essler 
to see if any ammonia is still coming over ; if so, the distillation 
may be continued longer. Carefully measure the amount of 
distillate ; test a little with Nessler’s snhition in a test-tube ; and, 
if the colour lie not too dark, take loO C.C. of the distillate and put 
it ipto a cylindrical glass vessel, ])laced upon a jiiece of white paper. 
Add to it 1^ C.C. of Kessler. Pour into another similar cylinder as 
many C.Cs. of the standard ammonium chloride solution ns may be 
thought necessary (practice soon shows the amount), and fill up 
to IW C.C. with pure distilled water: drop in 1 J C.C. of Ts'essler. 
If the colours correspond after three to five minutes, the process is 
finished, and the amount of ammonium chloride used is read off. 

if the colours are not the same, add a little more ammonium 
chloride so long as no haze shows itself; if it does, then afresh 
glass must be taken, and another trial made. When the process is 
completed read off the number of C.Cb of ammonium chloride used, 
allow for the portion of distillate not used, multiply by (M)l and 
then by 4 : the result is milligrammes of free ammonia ])er litre, or 
parts per million ; dividing hy 10 gives part.s ])er 100,000 ; multiply 
the latter by 0*7 to bring to grains jier gallon.* 

1857 . — What frecaxdioas arc necessary in applying the test t* 

Should the colour of the distillate prove too dark, a smaller 
quantity may be used, and made up to 100 C C., -with distilled 
water. Wanklyn recommends, distilling only 50 C C., Nesslcrising 
it, and then adding one-third to the result, on the ground that (as he 
says) tw'o-tbirds of the ammonia come off in the first 50 C.C. He 
also states that with smaller sized apparatus 100 C.C. of water 
gives satisfactory results. The Society of Public Analysts recom- 
mends successive portions being distilled over and Nesslerised until 
ammonia ceases to appear. Practically the whole of the a^mraonia 
Comes over in the first 130 C.C., or nearly so. 

The use of permanent coloured solutions, corresponding with 
known amounts of ammonia has been recommended, and caramel 
has been tried at Netley, but the results have not been very 
Batisfactory. A colorimeter may be used if preferred. 


♦Pabkes’ Practical Hygiene^ 7tli Ed. 
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When a Liebeg’s condenser cannot be obtained, a flaglc may 
be used instead of a retort, and the distillate conveyed to the 
receiver by a tube of glass (or block tin) passing through a vessel 
of cold water, which must be renewed from time to time. The tube 
may r)e bent in any convenient way, so as to expose it to the 
cooling water as much as possible. Every part of the apparatus 
must be scrupulously clean and well washed with distilled water 
previous to commencing the experiment. The S.P.A. recommend 
that the retort tube should be ])acked into the condensing tube by 
means of an India-rubber ring ; or it may bo done with clean 
writing-paper, as Wankly.x ])roposes. In either case the substance 
used must be quite clean. It is well to wasli the retort, flask, and 
glass tubes with dilute sulphuric acid, and then rinse them out 
clean witli distilled water. In distilling, the retort should be 
thrust well into the flame, and the distillation carried on rapidly. 
If the water is very soft, the addition of a little pure or recently 
heated sodium carbonate may be made, but in ordinary circum- 
stances it is not necessary and is not advisable* 

1858 — G ive an ex(tmple of the worling of this estimate. 

Suppose that from 250 C C. of water were distillkl; 100 
C.C. were taken for the experiment ; 4*5 C.C. of ammonium chloride 
solution were required to give the proper colour; then 4*5 X 

ibo ^ X 4 = 0*2394 milligrammes of free ammonia per litre ; 
0-2394 -4- 10 = 0*02394 per 100, (H)0. 

1859 . — lioiv do ive get the factor *01 

The standard solution contains 0315 gramme NHCl in a 
litre of distilled water ascertained to be tree from ammonia, so that 
the litre comes to *01 gramme of ammonia and each C.C. to ‘00001 

f ramrnes, the equivalents of isTII^C] and NH3 being 53*5 and 
7, or in the ratio of 0315 to 01. 

1860 . — ll7/rt/ h Professor Notter’s recommendation leith regard to 
the condition of the distilled water used for the com^ 
fa rison ? 

That distilled water for making up standards of ammonia must 
be very pure, and should be distilled with a little phosphoric acid 
to fix the ammonia. 

1861 . — What ej^ect has Nesslor's solution on liquids containing 
ammonia or salts of ammonia ^ 

When added to such a solution (even if the ammonia present 
be very small in quantity) a light yellow, a dark yellow, or a brown 
ooloiiration is produced according to the quantity of ammonia 
present. If there is a very large quantity of the ammonia in the 
liquid a precipitate is formed. 

♦ParKEs* Practical Jhjgiene^ 7tli Ed, 
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1802 . — What U the precipitate ? 

It is a salt named hj^drargyro-ammonium iodide (HgjNIHjO)* 
or tetra-mercur-ammonmm or ammonium in which tour atoms or 
hydrogen are displaced by two of mercury. 

1863 . — la it a delicate teat for ammonium or its salts ^ 

Yes ; the most delicate test that is known. It is capable of 
detecting one-hundredth of a milligramme of ammonium in two 
litres of water; or one part in 200,000,000 parts if the w^ater be 
condensed to one litre. 

1864 . — What does the free ** or saline ammonia ” represent ? 

The “ free ” or “ saline ammonia represents the ammonia 

combined with carbonic, nitric, or other acids, and also what may 
be derived from urea, or other easily decomposable substances, if 
they are present. The limit in good w'aters is taken at 0(>02 
centigrammes per litre; in bad waters it often reaches 100 times 
this and more. [After the distillation of the free ammonia, the 
residue of the water in the retort is used for determining the 
albuminoid ammonia^ to be notv described ] 

1866 .— ir/m/! is Nesslfrs solution rlmni( ally ? 

It is a watery .solution of potas.«<ium iodide, saturated with 
hydrargyri biniodidi, made strongly alkaline with hydrate of 
potassium. 

1866 . — What ate tie chemical reactions occurring in the ptrepara- 

iion of Nesaler's solution ^ 

Thirty-five grammes of iodide of potassium are dissolved in 
A small quantity of distilled water; a saturated solution of corro- 
sive sublimate is then added in small quantities at a time, a i*ed 
precipitate takes place which is dissolved almost at once. On 
Adding more of the Hg, Cl 2 solution a point is reached when the 
precipitate no longer dissolves. Enough of the HggClj solution 
has then been added. The solution is filtered and 160 grammes of 
KOH or 120 of KaOH is added in strong watery solution. The 
liquid is then made up to a litre by adding distilled water. Lastly 
5 C.C. of a saturated solution of HgjCl.j is added. This gives 
clearness to the solution and renders it very sensitive to the 
reactions for w'hicb it is used. The liquid is allowed to stand and a 
sediment is deposited and the clear liquid is decanted into a large 
bottle with a well-fitting glass stopper. From this stock bottle the 
solution may be removed as occasion arises for it, as frequent 
opening the stopper renders the liquid turbid. 

1867 . — What modifications are to he adopted in analysing vary had 

waters T 

In analysing very bad waters it will be found that in the course ■ 
«yf the distillation the 5 C.C. of permanganate solution are exhausted. 
When this happens another 5 C.C. of permanganate must be dropped * 
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into the retort, and the operation continued, care being taken to 
leave an excess of permanganate before the stage is reached at 
which sulphuric acid is added. 

1868. — TFAat are the advantages of the ammonia process ? 

It is simple, accurate, easily carried out, the information it gives ^ 
is definite. [By it wo are able to detect 1 part of albuminoid 
ammonia in 10,000,000.] 

The ammonia process is practically a combustion process carried 
on in water ; the ammonia being the ultimate product of combustion. 

Advantage of the ammonia process over the organic nitrogen 
and organic carbon process is that it operates in the water itself 
and not in the dry residue. 

1869. — TF/iew the ammonia is in great excess m the vjater what 

ha'ppens ? 

The colour produced is too deep to be accurately read off. 

1870. — T7/ia^ should then he done ? 

The simplest way to overcome the difficulty is to dilute the 
water with ten times its bulk ot distilled water and submit 50 C.C. 
of this dilution to the Nessler process. 

1871 . — How might a beginner in such analytical processes test th4 
accuracy of his work ^ 

A W’atcr containing a known quantity of nitrogenous organic 
matter may be prepared artificially and then the ammonia procesa 
may be applied to it and the actual analytical results compared 
with the calculated result. Having prepared an artificially polluted 
W'ater of known degree of jiollution, let the ammonia process be work- 
ed and kt the analyst judge how far he may trust his work by the 
degree of correspondence between the experimental and the calcu- 
lated results. 

1872. — occurs if the ammonia he in excess ? 

A precipitate takes place at onc(‘. 

1873. — TF/w/i is the precipitate and ivhat is its chemical formula ? 

It is the hydrargyro-ammonium iodide or iodide of tetra-mer- 
cur-ammonium, or ammonia in which four atoms of hydrogen Are 
displaced by two of mercury. The formula HgjNIHaO. 

1874. — Hov) may the amount of ammonia he calculated front the 

amount of precipitate ? 

By multiplying the precipitate by ‘08041. 

1875. — Whence is the ammonia in the xcat&i* usually derived ? 

Free ammonia is derived from urea. Urea is only found in 
water recently contaminated, for it is rapidly converted into car- 
bonate of ammonia. 
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1876. — w the limit of free ammonia in a good water ? 

From nil or ‘001 to *003 per 100,000 parts, and very rarely does it 
reach *005. 

1877. — When should the estimation of the ammonia he commenced f 

It is desirable to proceed at once with the determination of this 
constituent, since it is the most liable to change. The method of 
estimation is based ii}>on the fact that an alkaline solution of mer- 
curic iodide, added to a liquid containing ammonia, produces a 
brown colouration, due to the formation of the iodide letra-mercur- 
ammonium. This test, known as Kessler’s, is capable of detecting one 
part of ammonia in 20,000,000 parts of water. 

1878 . — Why is it necessary to commence the ammonia process as 
soon after receiving the sample of water as possible f 

Because the ammonia is the constituent most liable to undergo 
change, or oxidation, combining with alkaline bases especially those 
of sodium and potassium, to form nitrites and nitrates. 

1879. — In what waters is ammonia found ^ 

Most kinds of water contain ammonia, or ammoniacal salts, 
which either was recently, or may presently become, a constituent 
of organic matter. In addition to this, most kinds of water actually 
do contain more or less nitrogenous organic matter, w^hicli furnishes 
ammonia either on simple boiling with carbonate of soda, or else on 
boiling with permanganate of potash, in presence of exces.s of alkali. 
By estimating the amount of ammonia obtainable from water, noting 
the circumstances under which it is obtained, we have a measure of 
the nitrogenous organic matter present in water. 

1880. — TF/mt is the value of the information acquired by ascertain- 

ing the amount of free amynonia in water ^ 

The presence of NH3 is a quite sure indication of recent con- 
tamination with decaying organic matter capable of yielding NHj, 
whether in spring, stream or wells. This readily oxidises and is thus 
converted into nitrous acid, and by longer e.\posnre into nitric 
acid. These acids combine freely with a lime or other alkaline base 
as nitrate and nitrite of lime. Many analysts attach great impor- 
tance to the value of the nitrates and nitrites present, as indications 
of the nature of the contaminations of the water. 

. 1881.— TF/iat is the sanitary importance of ammonia found in air 
and water ? 

It derives its sanitary importance from its presence and amount 
giving a fair estimate of the purity of these essentials of life. When- 
ever moist, nitrogenous matters decompose, ammonia is one of the 
products. It is found in minute quantities in even good air and 
Water. It is likewise found in clayey and peat soils. The greater 
the degree of injurious pollution of air and water, the larger, as a 
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rule, is the amouat oE ammonia present. It is probable that 
of the disgusting odours from drains, etc., are really stinking 
ammonias. 

Animal and vegetalile matters contain nitrogen spoken of as 
Organic nitrogen (Frank land and Armstrong). It is also contained 
in NH5, and ammonium salts, and these are due entirely to the 
decomposition of nitrogenous vegetable and animal matters. For 
this reason, although itself harmless, is determined quantita- 

tively. The amount even lu Y>olluted water is small. It is however 
significant of organic pollution • *1 part per 100,000 is grossly 
polluted water. Nitrates aiid nitrites are themselves harmless, but 
are the result of oxidation of nitrogenous organic matter. 

1882 . — IVhal is the indication of ammonia in the absence of chlorine 
nitrites ami nitrates ^ 

Ammonia, without nitrates and nitrites and chlorine, indicates 
vegetable contamination ; with them, probably animal. Changes in 
ithe relative proportion of nitrates and nitrites show the presence of 
bacteria, some of which exert a reducing action, and others the 
opposite, according to circumstances, 

1883 , — What does this fact indicate ^ 

That ammonia will be found in all sewage polluted waters, 
unless the sewage has been filtered through a sufficient thickness of 
soil to convert the ammonia by oxidation into nitrates and nitrites. 

Ammonia in almost (‘very quantity is to be deprecated, since it 
is the result of decomposition of animal and vegetable substances, 
and has the qualities which are not beneficial as food. 

1884 ;. — What does ammonia in 0 : at cr point to t 

Naturally water (even rain water) contains it in small (quanti- 
ties, but if there be much, and there is considerably an absence of 
HNOg, HNO3 orcnlorine, it is piobable that NH3 is derived from 
vegetable organic matter undergoing decomposition, (as in marsh 
water). If in an ordinary condition of water there is more than .’08 
parts per 1000, it probably arises from the recent conversion of urea 
into ammonium carbonate (corroborated by the co-existence of abund- 
ance of “ chlorine”). 

IBBS.-’How much free and albuminoid ammonia are allowable in 
drinJeing loaters ? 

Pure waters yield from nil to 0*002 parts per 100,000 of fre ^ 
ammonia, and from nil to 0 005 per 100,000 of albuminoid ammoni®* 
Usable water may contain uj) to 0*OO5 per 100,000 of free, and 0 01 p^** 
100,000 of albuminoid amnionia. These numbers, however, re(|ti iro 
qualification, for they maj* be exceeded in cases where water is 
thoroughly good for dietetic jiurjioses. E/aiii water often contains a 
large amount of free ammonia, probably derived from soot, and it 
then appears to be harmless. 
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1B86.— TFAai is Schultz’ pemicmganate of potash test for organic- 
matter in water t 

In order to avoid some of the fallacies and inconveniences of 
the test with acid, P. Schultz tried the following plan, which was 
slightly modified by Lex. Five or more vessels, each containing 
60 C.C. of the water to be examined, are taken, and to each 2 C.C. 
of thin milk of lime are added, and then 1, 2, 3. 4, 5, etc., C.C. of the 
permanganate solution (‘395 gramme per litre) are added, and 
left for three hours. At the end of that time some of the samples 
will be decolorised, others still coloured; if No. 1 and No. 2 are 
colourless, and No. 3 is coloured, then the amount of permanganate 
destroyed is betw’een 2 and 3 C.C. As in the cold each ocjuivalcnt 
of permanganate only gives off 3 (not 5 atoms) of oxygen, each C.C. 
corresponds, not to *1, but to ‘06 milligrammes of oxygon. It is for 
this reason thabfiOC.O.of waterare taken instead of lOO.foi* it i.s evi- 
dent that if 1 C.C. of the permanganate solution gives only Oh milli- 
grammes to 60 C.C. it is the same an *1 to 100 C.C. of the water. The 
calculation of the results is thus easy ; if, for example, Nos. 1 and 2 
aredeclorised, while No. 3 is coloured, the amount of oxygen required 
is between *2 and ‘3 milligraranies for 100 C.C . or 2 and 3 per litre. 
If 60 C.C. of a water take le.ss than 3 C C. of the permanganate solu- 
tion to give it a colour permanent for two hours, it is a good water 
(according to Lex) so far as this test is concerned ; if 3 and 4 C. C. 
are required it is a medium water, and if the 5 C.C. do not give a 
colour the water is bad. 

1887. — J/oin is the albuminoul ammonia^* process carried out ^ 

25 C.C. of the solution of alkaline ]>ermaiiganate are adth^d to 
the residue in the retort, after the distillation of the free ammonia, 
and about 110 to 120 C.C. distilled off. It is .sometimes convenient 
to add a little pure distilled water to the residue if the fir.st distil- 
lation has been carriedrather far. Waxklyx recommends successive 
quantities of 50 C.C. to be distilled off and tested until no more 
ammonia comes over. Determine the amount of ammonia, as was 
done in the case of the free ammonia, and state the results in this 
case as albuminoid ammonia. In this distillation there is sometimes 
a little difficulty caused by “ bumping,” e.specially in the case of 
bad waters ; to remedy this it has been recommended to use pieces 
of tobacco pipe which have been heated to redness immediately 
before use. It is better, however, to dilute the water if it be a bad’ 
one, and not to distil too rapidly'. 

1888. — '/» this test how is the albuminoid ammonia expressed ? 

so much /res ammonia, because the alkaline permanganate* 
solution disintejgrates the nitrogenous organic matter, and sets 
free the ammonia, which is (as in the ordinary quantitative test for* 
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ammonia) volatilised and calculated in the same way as the free am- 
monia itself. [This is known as Waukltn’s “ Alkaline permanganate ” 
method.] 

1889 . — Whai ia the object of the albuminoid ammonia process? 

The object of this process is to get a measure of the nitrogenous 

organic matter in water by breaking it up and converting the 
nitrogen into ammonia by means of })otas8ium permanganate in the 
presence of an alkali; tlie ammonia can be distilled off and esti- 
mated as above. It is to be understood that this does not deal with 
all the nitrogenous matter, but the results are sufficiently uniform 
to be useful. According to Wanklyn and Chapman, the albuminoid 
ammonia miiltijilied by 10 gives a fair approximate estimate of the 
nitrogenous matter in water. 

1890 . — Is the absence of alhiiminoid ammonia in icater of im- 

portance in coming to a conclusion as to its organic purity ? 

If a water yield 0 00 parts of albuminoid ammonia per million, 
it may be yiassed as organically pure, despite of much free ammonia 
and chlorides ; and if indeed the albuminoid ammonia amount to 
•02, or to less than 0*05 parts per million, the water belongs to the’ 
class of very pure water. When the albuminoid ammonia amounts 
to *05, then the ])roportion of free ammonia becomes an element in> 
the calculation , and we should be inclined to regard with some sus- 
picion a water yielding a considerable quantity of free ammonia,, 
along with more than *05 ])arts of albuminoid ammonia per million. 

The presence of a considerable amount of albuminoid ammonia,- 
with little free ammonia and chlorides, is generally indicative of 
vegetable organic matter, often peaty. This is the character of the 
greater jiart of the water-supply of Ireland. 

The real significance of the albuminoid ammonia has been 
much discussed, but the results obtained are sufficiently uniform to 
give us a convenient measure of jmrity, provided we are careful 
not to draw the line too close. All the nitrogen of the organic 
matter is certainly not obtained by this method, but this is imma- 
terial so long as the proportion is fairly maintained. Tho results 
correspond to a certain extent with the organic nitrogen of Frank- 
LAND, and the process is much more feasible for medical officers 
generally. 

1891 . — What does albuminoid ammonia in water point to ? 

Naturally water (even rain water) contains it in small quanti- 
ties, but if there be much and there is coincidently an absence of 
HNO, or HNOj or chlorine, it is probable that the IIH, is derived 
ffom vegetable organic matter undergoing decomposition (as 
in marsh water). If in an ordinary water there is more than ‘OS 
parts per 1{)0,000, it probably arises from the recent conversion of 
urea into ammonia (corroborated by the co-existence of abundance 
of “chlorine**). 
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Absence of any trace of albuminoid ammonia is suggestive of 
organic purity, even if free ammonia and chlorides are high. Albu- 
minoid ammonia less than *0{> part per million is consistent with 
extreme purity ; audit' free ammonia is absent or scanty, albumi- 
noid ammonia under O'lO is no evidence of impurit 3 ^ If, however, 
i;here is much free ammonia, 0*05 albuminoid ammonia is suspicious, 
and O'lO is strong evidence of pollution ; O'lSormore should con- 
demn a water absolutely. 

In good waters the free ammonia usually ranges from 0*00 or 
0*01 to 0*03 part per million, and rarely exceeds 0'05. 

These geiieral rules are subject to some modiheation acconling 
to the history and surroundings of the water, which should always 
be studied. Vegetable is much lc«s dangerous than animal con- 
tamination, and may often be recognised by the slowness with 
which the albuminoid ammonia comes over, b^ the absence or small 
amount of chlorides and of free ammonia, and b}" microscopic ex- 
amination of the sediment or knowledge oi the course of the supply. 
Animal pollution is indicated if the albuminoid ammonia comes 
•over rapidly, or if the chlorides or oxidised nitrogen are abundant. 
Pollution by absorption of effluvia, or by the presence of putrefying 
masses in the water would, however, be unaccompanied by any 
•excess of chlorides. 

1892 . — WfuU is the relation between ammonio and sewage eon- 

taniinated loater ' 

The urea of the urine by a process of fermentative decompo- 
sition rapidly becomes carbonate of ammonia in sewage. Ammonia 
will, therefore, be found in all sewage jiolluted waters unless the 
•sewage has been filtered through a sufficient thickness of soil to 
convert the ammonia by oxidation into nitrates and nitrites. A few 
pure deep well waters from the c-halk and greensand are found to 
•contain excess of ammonia, hut they are remarkably free from 
organic matters. On the other hand sewage polluted shallow well 
waters which contain excess of ammonia contain also an excessive 
amount of -organic matters. 

1893 . — What does the absence of albuminoid ammonia indicate ^ 

It is suggestive of purity a.s regards organic matter, and this 
holds good even if the ammonia (.saline) and chlorides areiu moder- 
ate quantities. 

1894 ^Whaf are the indii aiinixs of varying qtiantities of albu- 

' minoid ammonia ^ 

Albuminoid ammonia less tlian *05 part per million is consist- 
ent with extreme purity ; and if free ammonia is absent or scanty, 
albuminoid ammonia under 0*10 is no evidence of impurity. If, 
however, there is much free ammonia, 0*05 albuminoid ammonia i« 
suspicious, and OTO is strong evidence of pollution ; 0T5ormore 
should condemn a water ahsoliitely. 
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1895 . — How much albuminoid ammonia is found in the English 

lakes ^ 

As to the English lakes, it was only O'OOl in 100,000 parts in 
Gi'assmere and Derwent water; 0*002 m Rydal Lake and Winder- 
mere, 0*004 in Buttermere, and 0*007 in Crunoek water. 

1896 . — What does considerable quantity of albuminoid ammonia 

with little free ammonia indicate ^ 

That the impurity is chiefly of vegetable origin, and if chlorine 
i.s also absent, or only in very small quantity, it is almost certain 
that the albuminoid ammonia is ol \ogetable origin. 

1897 . — i/ albuminoid ammonia ro-exist loith free ammonia, 

chlorine and nitrates, v'hat does it show^ 

That the impurity is of animal origin (]irobably sewage) and 
therefore' of a most dangerous nature. 

. 1898 . — What dors much albuminoid ammonia iviili little am^ 

mania and absence of chlorides shoe. '' 

Contamination by vegetable matter. 

1899 . — TH/nf quantity of albuminoid ammonia is sufficient to 

condemn a water ? 

With ‘15 parts per 1000.000 we should absolutely condemn the 

water, 

„ *10 ,, ,, „ we should consider it suspicious. 

,, *02 to *05 ,, „ ,, pure, 

„ *00 „ the purest 

water. 

1900 . — m irh is the more danrferons in a water, nitrates or 

albuminoid ammonia, ^ 

The latter, because it is three stages ncarei’ the original source 
of contamination — ])robably sewage. 

1901 . — What quantities of free and albuminoid ammonia icould 

lead you to condemn a vsater ? 

The water should be rejected if it contains 0*15 parts of albumi- 
noid ammonia per million. Water with free ammonia 00*1, albumi- 
noid ammonia 0*04, may be passed as a pure water. Free ammonia, 
however, being absent, or very small, watersliould not be condemned 
unless the albuminoid ammonia reaches something like 0*10 per 
million (W'anklyn). 

Good water should not contain more than *08 milligrammes per 
litre. Albuminoid ammonia is chiefly derived from animal matter, 
hut according to Pakkes, decaying lea\ es and peat may also produce 
it. Much albuminoid ammonia, with little free ammonia and no 
-chlorides means vegetable contamination (J. C. Batterslt). 
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1902.— jErot(? much nitrogen would he contained in ammonium 
nitratCf sodium nitrite, and urea ? 

(NH J NOa . . . *50 gramme. * 

NaNOa • . , -37 „ 

CH,N,0 . . . 15 „ 

Knowing the formula and the atomicities of the dements con- 
tained, the finding of the amount of any one element in a certain 
‘ quantity of a compound is a mere matter of simple proportion. 

1903 , — TT7ia/ are the relations of ammonia, nitrates^ and nitrites 
in water ? 

Ammonia is almost always ]>resent in very small quantity, hut 
if it ho in large enough amount to be detected without distillation, 
it is suspicious. If nitrates, etc., be also present, it is likely to be 
from animal substances, excreta, etc. Nitrates and nitrites indicate 
previously existing organic matters, probably animal, such as ex- 
creta, remains of animals, etc. ; but nitrates may also arise from 
vegetable matter, although this is probably less usual. If nitrites 
largely exist, it is generally smiposed that the contamination is 
recent. The coincidence of easily oxidised organic matters, of am- 
monia, and of chlorine in some quantity, would be in favour of an 
animal origin. If a water gives the test of nitric acid, but not 
nitrous acid, and very little ammonia, either potassium, sodium, or 
calcium nitrate is present, derived from soil impregnated with 
animal substanccvs at some anterior date. 

1904. — TF/ta/ is the chief origin^ of the ammonia of sewage? 

The urea of the urine which by a iirocess of fermentative de- 
composition rapidly becomes carbonate of ammonia in tlie sewage. 

1905. — Discuss in general terms the amynonia ijrocess o/Wanklyn, 

and Fankla-ND and AKMSTiiONCf's organic nitrogen i^ro- 
cess. 

It is customary to determine the amount of ammonia and of 
nitrogen which exists in the form of nitrites and nitrates, not 
because these compounds are likely to exist in quantity sufficient 
to work harm of themselves, but because they are the result of the 
decay or decomposition of nitrogenous organic matter. As a rule, 
the amount that occurs in unpolluted water is very small, and 
even in polluted waters it is small when expressed in figures. The 
ammonia can without difficulty be determined when present, even 
in minute quantity. 

The second general method in anything like common use is a 
method devised by Frankland and Armstrong ; it was used in tlje 
great number of examinations published in the reports of the 
Rivers Pollution Commission of Great Britain. The method con- 
sists in evaporating a given quantity of the water, under carefully 
regulated conditions, and on submitting the residue to a process 
of organic analysis, by which all the carbon is converted into 
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carbonic acid and the nitrogen ia liberated in the gaseous state. 
The mixture of nitrogen and carbonic acid is then analyzed by 
processes of gas analysis. The results are stated in so many parts 
of organic carbon ” and so much “ organic nitrogen ’’ in 100,000 
parts of the water, and sometimes the two amounts together are 
spoken of as the amount of the “ organic elements.” 

As a chemical process, this method has been made the subject 
of much criticism t»y its opponents ; from this point of view we can 
hardly discuss the matter appropriately. As at present employed, 
in the bands of competent persons, it is calculated to give good 
results; but the great question is, of how much value are the 
results when obtained ? The process, in the words of the origi- 
nator, is “ both troublesome and tedious,” and requires considerable 
manipulative skill, the apparatus employed is somewhat costly and 
frangible, and a good deal of time is unavoidably consumed in the 
examination. 

It is true that, if we have the amount of organic nitrogen and 
carbon, we come nearer to having the amount of organic matter 
than IS ])ossible by any other means ; but, as has been already said, 
it is, after all, not the amount, but the character, which is to be 
considered and which is so important. In this method of analysis, 
the character and probable origin are inferred from the relative 
proportion of carbon and nitrogen. Thus, in waters which were 
rendered impure by the presence of extract of peat ; the average 
amount of nitrogen was to the amount of carbon as 1 • ]1’9, while 
the proportion in sewage was as 1 : 1 8. 

With reference to Fii \nkl\x])’s method Sander says : ‘‘ AVithout 
a knowledge of the previous history of the water, the relative pro- 
portion (between carbon and nitrogen) is not available as a 
means of deciding as to tlie nature of the contamination ; if, 
however, the previous history of a water is known, tliere is scarcely 
need of so particular an analysis in order to judge of its character.” 
For this reason Fkanktand’s method has not been used to any 
extent in Germany or in this country. 

CHAPTER XXIII. 

Examination of Water — continued. 

Hardness of AVater. 

1906 . — TF/mi means mmj he adopted to soften water T 

Lime may be added ; soap may be used ; or carbonate ©f soda 
may be employed ; and on a small scale boiling may bo resorted to. 

1907 . — What simple domestic plan is often employed to soften 

water ^ 

Putting a marble into the kettle ; this during the boiling, rolls 
about in the water and lielps to drive off the excess of CO 
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1008.— TT/ia# is meant hy the term ** hard ” as ajppHed to water ? 

A hard water is one withwliich soap does not at onee form a 
lather, but produces instead, a deposit of a curdy nature. Hard 
water presents a peculiar roughness to the touch. The hardness 
of unboiled water is called ioinl hai’diiess, while that of boiled 
water is called per^nanent hardness. 

1909, — How may ice classify the hinds of hardness of water ? 

m S Temporal If ^ removed by boiling. 

iOTAL Y)J boiling. 

1910. — What is meant hy permanent and temporary hardness of 

water ^ 

The permanent hardness is that not removed by boiling. It ia 
called permanent hardness to distinguisli it from the temporary 
luDdness of water, wdiicli is removable hy boiling. 

[Natural waters contain \arying jiroportions of lime and other 
mineral salts, and on the amount of these constituents depends 
the relative hardness or softness of water. The hardness of w^ater 
is mainly due to the presence of the salts of lime and magnesia. 
When these are present in excessive quantity, the water is said to 
be “ hard.” A great destruction of soaj) also occurs when such 
ivater is used for washing clothes and other purposes. 

A ** soft water” is one below six degrees of hardness, and 
“each degree of hardness destroys 2] ounces of soap in each 100 
gallons of w'ater n'<ed for washing. Soft w’ater is commercially of 
more value than hard water m proportion to the worth of 5 ounces 
of soap to each 2U0 gallons for each degree of hardness.” 

The hardness called *• temporary ” is caused by the presence of 
carbonates of lime and magnesia held in solution by an excess of 
carbonic acid. When the water is boiled, carbonic anhydride 
escapes, and the insoluble carbonates are preci]»itated, leaving the 
water so much softer, but causing a deposit or fur on the sides of 
tbe vessel. This fur is always inconvenient, often productive of 
great loss of heat, and is sometimes the cause of disastrous boiler 
explosions, owing to the superheating of the iron plates beneath the 
crust. 

It is manifest that, if these lime and magnesia salts could be 
removed before the soap is added, or the fur deposited before the 
water is put into the boiler, much inconvenience and expense w ould 
be avoided. 

This can be done, as far as the saltrs causing temporary hard- 
ness are concerned, by means of a process invented by the late 
Dr. Claek, of Aberdeen, which depends on the fact that when lime 
comes in contact with carbonate of lime and magnesia held in 
solution by excess of carbonic acid, the lime unites with the excess 
of carbonic acid, forming carbon ate of lime, and the insoluble carbon- 
ate thus formed, together with the carbonates of lime and mag- 
nesia which are thrown out of solution by the abstraction of their 
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walvent, is deposited. *^11118 operation is attended witli but little 
trouble or expense, and not only improves the value of a water econo- 
mically, but often increases and never diminishes its value for 
dietetic purfioses. 

The soa])-destroying measure of hard water is called tlie “total 
hardness ’’; but many waters become softer on boiling. The de- 
crease produced by boiling is called “temporary hardness/’ whilst 
the remaining hardness is termed “ permanent ’’ The permanent 
hardness is ascertained by hrst boiling some of the water gently, 
allowing the steam to escape freely, and then, after it has cooled 
and the loss by evaporation has been made up with recently boiled 
distilled water, ap})lyitig to it the soa]) test as before * 

1911 —Ih ti< the hardness exj^ressed ^ 

It IS customary to ex])res8 tlie hardness in ‘ degrees ’ ; and each 
degree of Clark's scale indicatesone grain ot calcnim earl»onate per 
gallon ot w’ater, or the ef|invaleiit ot one gram of chalk in soap- 
destroying powder I'lius, e.(j , one degree ot hardnesss may be due to 
one gram of calcium carbonate, Til grain ot calcmra chloride, or 
TT6 giain of calcium sul])hate, etc, each ot these calcium com- 
pounds contammg in the above cpiantities respecti vel) , 0*4 grain of 
calcium. 

In Ftaiice each degree of hardness indicates one part by 
weight of calcium carbonate, or its e(im valent, per lUO.OOO parts of 
water ; wTiilst m (jrermany a degree of hardness indicates one part 
of lime (CaO). or its equivalent, per 100,000 ]iarts of water. Hence 
the various \ allies of degrees of hardness aie — English 1°=: 
German 0°*8=Freiich 1°’4- nearly. Many anal 3 sts who give the 
results of t heir anal} ses in parts per 100,000, iii^e the Frenc h scale 
of hai’dness. 

In England the actual hardness of w^ater is s])okon of as 
so many “ degrees,'’ each degree corres})onding to the amount of 
soap that is destroyed by a certain quantity of the water. Fourteen 
degrees of hardness is the allowable limit in waters used for drink- 
ing and cooking iiurjioses. 

Scales pointing out the degree of hardness or softness are 
arbitrai*y. Clakk's standard is the one usVially employed. Each 
degree of it corresponds with one grain of carbonate of lime to the 
gallon. Fka>kia>d*.s is (’qnally correct and easier to work. Any 
water below is considered soft ; any above this is said to be hard. 
A soft water ontaius Irom 4 to 9 grains of carbonate of lime and 
magnesia to the gallon, while a hard one contains Irom 9 to 40. 

1912 . — Wliai effect has the addition of lime to hard n aier ? 

By the addition of lime (CaO) to the water, the lime in solu- 
tion combines with the excess of carbonic acid that holds the salts 
in Bolutioii, and throws down the carbonate as a" fine precipitate. 


* Hehir’s Hygiene of Water and Water-Supplies. 

30 
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and this, as it settles, also carries down suspended matters. Hence, 
not only does this plan soften the water, but it also frees it from 
■uspended matters ; it has no effect on the sulphates and chlorides. 

[The addition of lime water removes any considerable degree of 
hardness. It combines with the carbonic acid, and causes the 
formation of additional quantities of carbonate of lime, and this 
latter and all the previously contained carbonate of lime are 
precipitated.* It also causes the deposit of all suspended organic 
matter and much of the dissolved organic matter. It does not 
affect those salts giving rise to permanent hardness in water. It 
appears to act favourably in arresting organisms. The use of lime 
water is carried out extensively in a few places in England to 
reduce hardness.] 

1913. ■^What chemical reaction takes place on the addition of lime 

to water ? 

Calcium bicarbonate and calcium o^ide combine to form calcium 
carbonate and calcium carbonate. 

1914. — D ISC ass the question of remox'ahle and permanent hardness 

of ti at er. 

The hardness due to carbonates of lime and magnesium is to a 
large extent removed by boiling; whilst tlie water, the iuirdnessof 
which IS but slightly, if at all, affected, contains snlidiafe <f lime. 
Chalk waters are most influenced by bi iling, as tlie carbonate of 
lime is held in solution by the exces.s of carbonic acid present. When 
a chalk water is boiled, the carbonic acid is expelled, and the car- 
bonate of lime is to a great extent precipitated. Tlu‘ liardness, due 
to carbonate of lime, is termed ‘temporary,' a** it can be thus 
removed ; that due to the snljihates of lime and magnesia is termed 
^permanent,’ as it is not removable by boiling. It is !ll\^ays desir- 
able to know to which of the above the * hardness of water ’ is due, 
as, in excessive eases, a knowledge of the cause would determine 
whether the water might be rendered tit for domestic purposes. 

is Cl mijC $ process for reducing the hardness of water ? 

Hard waters may bo softened upon the large scale in reser- 
voirs, by adding quicklime to the water. The lime and calcic 
bicarbonate react to form insoluble calcic carbonate, and this 
carries down with it suspended matters. A similar process may be 
employed on the domestic scale, using lime or washing-soda, or 
both. 

1916 — is the rationale q/* Clark’s quantitative test for hard- 
ness 

When an alkaline oleate is mixed with pure water, a lather is 
formed; but if lime, magnesia, iron, alumina, etc., be present, more 
of the oleate in varying quantities will be required to form a lather. 

•Author's Hygiene of Water and Water-Supplies (Madras, 1891). 
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It is well known that hard water causes soap to curd and pre- 
vents the formation of a lather, until a large quantity of soap has 
been added. This fact has also been used as a measure of hardness, 
for it has been found that 2 lbs. of the best hard soap must be added 
to 10,000 gallons of water of 1® of hardness before a lather will re- 
main, and hence that quantity used in 10,000 gallons or T2 lbs. in 
1,000 gallons, or O’] 2 lbs. in 100 gallons, to produce an ordinary 
lather is a measure of 1 degree of hardness. 

1917. — What i8 a soajp ? 

A soap is the combination of an alkaline base with a fatty acid. 

In using soap for investigating it is necessary to produce a 
lather of the soap with the water. In hard water the blue acid of 
the soap combine‘s with the lime or magnesium salt of the water 
and forms an insuluble curdy precipitate, and all the Ca or Mg 
must combine with the soap in this way before a lather will form. 
Clark ascertained by experiment how many measures of a standard 
solution of soap were required by a gallon of distilled and other 
waters in order to form a lather, 

TTnfortunately an incorrect mode of registering the results was 
adopted , and a certain degree of confusion crept into the matter. 

Instead of registering the degrt'e of hardness of a water as the 
number of measures of standard soap solution consumed in produ- 
cing the lather, he registered the degree of hardness as the number 
of grams of (’aCO.., or its eijiaivalent of other S()ap-destro>ing salts 
in the gallon of water. 

1918. — Wluil vi'agenis and npiKinitiis (ire required f(jr the deter^ 

oniiKii la'll of hardness 

1. A standard solution of cadrium sulphate is obtained by 
grinding in a mortar OTfldo gramme of crystallised silenite 
(CaSO^, 2 H 2 O) witli a sufficiency of distilled water to dissolve it, 
and making up to the volume of a litre. Or 0*2985 gramme 
barium nitrate may be dissolved m distilled water and made up to 
a litre. Either of these solutions contains the ecpiivalent, in 
calcium or barium salts, of 8 grains calcium c.arbonate per gallon. 

2. A stoppered narrow-mouthed bottle holding 200 C.C., or 
as preferred by some, one lidding 100 C.C. 

3. A huretic on stand divided into cubic centimetres and 
tenths of a cubic centimetre. 

4. The standard soap solution. — A potash soap is best for the 
desired purpose, prepared thus : 15 parts of the lead plaster of the 
British Pharmacopada (lead oleate) are warmed on a w'ater-bath 
with 4 parts of potassium carbonate and rubbed in a mortar to a 
uniform consistence ; then digested with ordinary rectified methy- 
lated spirits, allowed to deposit, and diluted with water in tha i 
proportion of three volumes of w^ater to every five volumes of 
rectified spirit employed ; in other words, the alcohol is reduced to 
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about proof strength, and only subsequent dilution is made ^vith 
spirit of proof strength. ^I'he solution is then filtered. 

Very commonly the soap solution is pre])Rred by dissolving 
ordinary good undried Castile soap in the proportion of 14 
grammes to the litre of a mixture of methylated rectified spirit 
and distilled water in eipial volumes ; and there is no objection to^ 
this when no minntc degree of accuracy is demanded. In any case 
it is well to ])re]>are a stock bottle of strong soap solution, and to 
dilute some ot tlu* clear hcpnd from time to time with alcohol of 
proof strength and standardise it occasionally as soa]> solutions are 
apt to deposit in winter, or when long kept, and thus to lose 
strength. 

1919 . — How is the soup solution sUouhtrdised '' 

The soap solution is standardised by taking 50 (\C. of the 
standard calcium (or barium) solution, placing it in the bottle and" 
running in the soap solution irom a burette till a thick fine uniform 
white froth IS produce?d on vigorously shaking the bottle, and 
should remain for five minutes when the bottle is placed on its side. 

1920 . — What mod ificatioo of the 2*i'ore83 is necessary if the water 

is e.^icf^ssively hard > 

Should more than C C. of soap be required, it is always well 
— ahd in the case of magnesium waters indispensable — to dilute tlie 
water under examination with its own hulk, or twice its own bulk, 
etc., of distilled water till not more than 9 C C. is required by 
50 C.C. of the diluted water. 

1921 . — Is the proportion between the soitj) unod (t'nd the actual 

degree of hardness of a water constant ^ 

It is not ; for according to the accurate observations of Fatszt 
and Kxausz, the degree of hardness coiTesponding to each C.C. of 
soap solution used increases constantly with the amount of soap 
used. [According to Wa>’KLYN, di.stilled water requires 1 C.C. of 
soap of solution to produce a lather, and he deducts 1 CX\ from the 
number of cubic centimetres of soap solution, and the remainder 
gives the hardness in degrees. The later ex])criments of (b.ARK, con- 
firmed ])y those of Faiszt anclKNAUsz, give 0 5 (\C. approximately, 
as tlie amount of soap required by 50 C C, of distilled water. 

[It must uot be forgotten that if the water be diluted the neces- 
sary correction for dilution must be made.] 

1922 . — Describe a simple means of judging the degree of hardnesi 

of a water ?* 

A rough means of judging of the relative degree of hardness of 
any sample of water, consists in placing a small quantity in a test 


♦ For other points in connection with the hardness of water vide Part I,. 
Chapter I. 
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‘^lass, and adding to it a few drops of a standard solution of soap 
in alcohol, when a white turbidity will make its a])pearance 
depending in degree on the hardness of the water. 

1923. — B]! what processes may the h'trdtif^as, aa i the salts or other 
bodies causing it, he determined ? 

Ciark’s very useful soap test offers a ready mode of deterroin* 
ingthis in a manner quite sufficient for hygienic and economic pur- 
poses. The processes with the soap test may be divided into two 
headings : — 

I. The determination of the aggregate earthy salts, and free 
carbonic acid, as expressed by the term total hardness The aggre- 
gate determination can be divided into two kinds of hardness, viz., 
that which is unaffected and that which is affected by boiling, and 
these are termed the permanent and the removeable hardness, 

I L. The determination of the amount of certain constituents, 
as the lime, magnesia, sulphuric acid, and free carbonic acid. 
These results are only approximative es})ecially in the case of the 
magnesia ; but they are very useful, as they give us enough infor- 
mation for hygienic purposes, and are done in aveiy short time.* 

1924b. — ll7?o/ are the iivo ways in which the hardness of water may 
be ascertai^vedfroDi the soap solution '' 

1. Either by making the soa]i solution of a definite strength 
by careful stamlardising, so that each measure (grain or cubic 
centimetre) is equal to a gram of soap-destroynig salts per gallon. 

*2. ( )r l)y making a water of a definite knowm hardness, by 

means of pure distilled water and chloride of calcium, and then 
seeing how much soap solution is required to neutralise the hard- 
ness of a definite amount of the artificial Avater ; then test the 
hardness of the natural Avater, and compare the results. 

1925— In general terms how is the total hardness estimated ^ 

A ceitain amount of the water under examination is introduced 
into a Avide-monthed bottle, just as it is, and AvelJ agitated to get 
rid of th(‘ carlionic acid, it bt'ing sucked out after each agitation. 
The soap solution is then added from the burette, Avith brisk agi- 
tation after eacli addition, until a lather is formed AAdiich remains 
for at least fiA-e minutes over the Avhole surface,” in an unbroken 
layer. The bottle is laid on its side. Let it lie for half-an-hour 
and agitate again, and add a feAv more drops of soap solution, if 
necessary; see that there is no break in the lather, OA’^en after half - 
all-hour's rest. Then read off the amount of soap solution used up, 
and this equals the degrees of hardness ; only deduct a little, as a 
• certain amount of soap is required to giA’e a lather even in the 
purest water. Tins will then be the “ total hardness ” 


Parkes’ Practical Tlgyiene, 7th Ed. 
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192 6 .* — How may we prepare the standard solutions required in 
the estimation of hardness hy Clark's method ? 

Make a standard solution of barium nitrate by dissolving 0*26 
grammes of pure barium nitrate in one litre of water. Next dis- 
solve a piece of soft potasli soap of British Pharmacopteia in 
equal parts of alcohol and water, filter and measure amount, say 
210 cubic centimetres. Now take 50 cubic centimetres of the 
standard solution of barium nitrate and put into a clean glass- 
stoppered bottle and drop in the soap solution from burette, sliaking 
occasionally and adding soap solution until a permanent lather is 
produced, which lasts for five minutes. If exactly 2*2 cubic centi- 
metres have been used, the soap solution is of ])roper strength, if 
not, and suppose only 1*6 C*Cs. soap solution were used according 
to following rule of proportion — 

1*6 : 2*2 • : 210 : X, x = 288*7.^* We must therefore dilute the 
original 21oC. Cs. with equal parts of spirit and water to 288*7 C.Cs. 
and again test for accuracy. 

1927— /i ow else may the stanJavd snlnlnm he prepared ’ 

(d) B}* dissolving a piece of soft (pobish) soaj) (of tlie British 
PharmaeopfBia) iir Ca.stile^ soap in a mixture of e(pial jiarts of 
alcohol and water. 

[It ma^' llke^^^s(' ])e made by rnlihing up 150 parts of tlie 
Kmplastrum Plumhi (I* B ) with4]>er eeut. of drv pot.issiuin carbon- 
ate (hy which meuns carboiiat(' of l('a<l. aiul oltniU* of jaitassiiirn arc 
produced) this being then dissolved in r(*ctiHe(l s])irit aiid filtered.] 

1928. — IHc d Is meant hy deyr cos ’* of hard ness 

By deyrees of hardness v.e signify that a definite quantity of 
water deconqioses a certain number of cubic centimetres of a 
standardised soap solution. ^J’hns lO d(‘gr(‘('s of hardra'ss means 
that IOC C. of tlie standard soa]) solution haM* been u«ed ; that is, 
eacli C.C solution = 1 degree of hardness ( Fa v\ m. \ n n’s scale). 
!Eacli d<*grce of hardness causes the d(‘struction of 2\ oz. of soa[) 
in 100 g^dlons of water used for Avasbing clothe^. 

[According to Waxkia n's method of estimating the hardness 
each C.C is equal to one degree of hainlness ; hut according to the 
late Prof. Pahkes’ method each C.C. of his standard soap solu- 
tion is efjual to 10 degrees of hardness, each C.C. consisting of ten 
“ measures," one measure indicating one degree of hardness. 

1929. — />. general terms hoto do yau estimate the “ permanent ’’ and 

“ temporary " hardness ^ 

A known bulk of the water is boiled in a flask with a narrow 
neck for an hour, care being taken to keep up the w ater to its origi- 
nal bulk by the addition of di-stilled water; after the water has 
thus been deprived of its carbonic acid, the hardness is again esti- 


• Some analytical chemigts speak highly of Castile soup for this purpose. 
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mated in the way just described ; this result is then read as the 

permanent hardness.” The difference between this result and 
the one obtained by working with the natural water 'total hard- 
ness) gives the “ temporary hardness ’ — that got rid of by boiling. 

1930 - — Eooplain Oie initial cause of hardness in most waters ^ 

As soon as rain water reaches the earth* it dissolves out salts of 
different kinds, and frequently organic matters. Different soils con- 
tain different salts, and in accordance with the nature of the soil will 
be the quality of the water. If boiled down a pint of distilled water 
we would find that in time it would all disappear — there W'ould be 
nothing left. Doing the same with any spring or ordinary water 
in a clean white vessel, w’e would find a solid residue left Why isthisP 
It is because the rain water in falling to the ground, r nd passing 
over and tlirongh tlie soil, always finds saline bodies that it can dis- 
solve and take away with it. The sea is, in this way, constantly 
having these ^alts added to it, and the earth is having them removed. 
A large jiart of the solid residue ^ust mentioned consists of salts of 
lime and magnesia and is the initial cause of hardness in most waters. 

1931 . — How is the Janrlness meosirred ^ 

By a standard soa]i-solution, 1 C.Ch of which exactly precipi- 
tates 1 mgr of (uilcic carbonate It is found that 1 (Hh suffices to 
give a latiier wliPti shaken with 70 C C. of distilled water, and any^ 
thing beyond this is dn(> to the hardness, which is always stated in 
terms of calcic carbonate. 

1932 . — Jhar is the aonmnt of the so(tp solution used toad off ^ 

Tims ' — if so many measures of the soap solution are recpiired 
to neutralise tlie hardness of a definite amount of the artificial 
w’ater containing a know’ii amoniit of lime salts, what is the hard- 
Tiess of th(* natnrul water that uses up, say four times the amount 
of soa]) solution 

1933 . -~T)7nr^ is the rafiomde of Clvkk's prot'css ^ 

To add limi' to hard watei’s, es})eeially chalk waters, till the 
excess of (7)^ is lumtialisod; w heu this has taken ])]ace, both the 
lime added ami that lu solution ai'e juecipitatial as (‘urbonate, a 
minute quantity remaining in solution as carbonate of lime is 
not absolutely in solution in water. By this process not only is the 
water softened, but a very large proportion of the organic matter 
is precipitated. 

1934 . — TB/nd are the solutions required for the hardness of ujaier^ 

and how are they prcjxtred ^ 

(a) Soap Solution, 

Dissolve some soft soap (pbarmacopieiali in diluted spirit, 
and graduate by means of the following barytic solution. 

Nitrate of barium . . . 0 26 gramme. 

Diatillod water .... 1 litre. 
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2*2 C.‘C. (or 22 mettsures) of 8taii(Jard soap solution produce a 
permanent lather with 50C.C. of the above solution. 

1 measure (=tt> C.C.) of soap 8olution=0’000 25 gm.=0*25 
mgm. of calcium carbonate. 

Correction for latlier=2 measures of soap. 

Short factors (when 50 C.C. of w'ater are taken for experi- 
ment): — 

For degrees of Clark's scale (1 : 70,000) =0*85. 

„ „ Metrical „ (1 ; 100,000) =0 50. 

(b) A weaker solution, each measure C.C ) of which is equal to 
0*07 mgm. of CaCO^ is sometimes used. The correction for lather 
would be 7 measures of soap. The corrected numlipr of measures, 
divided by 10, gives the hardness in Clark’s scale directly or mul- 
tiplied by 0*14, the degrees on metrical scale * 

1935 . — briefly ivJuU is meant by Clirk’s pvcH'ess ^ 

It consists in the addition of a definite (juantity of lime water, 
regulated by the hardness of the water to be softened , and isfound- 
ed on the fact that carbonate of lime, i c., chalk, is almost insoluble 
in water tree from carbonic acid, though soluble in those contain- 
ing carbonic acid in solution. When, then, a solution of burnt lime 
is added to such a wattn* in the exact proportion indicated by its 
hardness, the lime combines with the excess of acid to form a carbon- 
ate, which falls together with the original carbonate, the solvent 
power of the free carbonic acid Ixung withdrawn (Wii.Loriiiniv ). 

1936 . — Hotv shunJdthc JonnatUni of tJie lather he v'aiched ^ 

To natch the formation of the lather, the bottle should be laid 
upon its side, and the lather, to be satistactorv, must be capa- 
ble of persisnng for five niiiiute.s. 

1937 . — What precautions should he taken u ith regard to the 

escape of the steam, and u'hy is thla precaution neces- 
sary ? 

On no account mu.st the steam from the flask be condensed 
and allowed to flow back into the boiling liquid, because the condens- 
ed water dissolv es the eseajiing carbonic anhydride, whicli IS thus 
continually returned to the contents of the flask in suffienoit quan- 
tity to prevent the complete ])recipitation t)f carbonate of lime. 
Many serious errors have arisen from the neglect of this precaution. 

3 . 938 . — What is the reaction 'ivtiich Uikes place in Clark's process 
for softening naters ? 

CaC 03 -fC 0 , 4 -Ca( 0 H )^=2 CaCOg-f-H.O. 

The calcium carbonate, as it is precipitated, carries down 
organic and other matters, thus clearing and purifying the water. 
The quantity of limC required has been ascertained by Dr. Clakk. 


* Paiikeb’ Practical Hygiene, 7th Ed. 
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He found that by adding one ounce of quicklime to a hundred 
gallons of water, for every degree of hardness, the water becomes 
soft and clean in twelve hours. 

The carbonates at times are fixed salts (as in trough water). 
But when we speak of fixed hardness, we usually mean sulphate of 
lime and magnesia- The white deposits frequently seen on the 
interior of kettles and engine boilers consist of precipitated carbon- 
ate of lime and magnesia. The only acid usually present is car- 
bonic acid in the gaseous state. This helps to keep the carbonates of 
lime arid magnesia dissolved in the water. By boiling, the c'arbonic 
acid gas is driven off, and the lime and magnesian carbonates are 
precipitated. The same precipitation takes place if ordinary oxide 
of calcium is added to this water. It is useful to know to what 
agent the hardness is due, for such knowledge points to whether 
the water can be rendered fit for domestic purposes or not- Water 
from natural sources contains a varying amount of lime, magnesia 
and other salts In accordance with the (juantity of these salts is 
the hai'dness or softeness of water. Hardness is then gein'rally due 
to excess of carbonate of hmo and magnesia held in solution by 
e.xcess of carbonic acid gas. 

1939 . — llo'tn much of the sionrlard soap solution is required to 
form a hUher irith (hstilled water ^ 

Distilled water requires approximately as much soap to yield a 
lather as d’7 gram per gallon CaC\'> 3 , or 1 part CaCO, in 100,000 
]iarts of water. 'I’his is the exei'ss of soaj) beyond that required to 
tirecipitatd the caleari'ous salts of the water needed to produce a 
lather on agitation of the winter with the soa]). 

19^0— Gu e (in o.C(( tuple sho tv lit q the method of mohimj the calcu- 
Idtionfor the ioUd and ttnnpo) a nj hardness ' 

Bcfor (3 boiling, ‘1*2 measures, and after boiling, D> measures, of 
the soap solution Avere used, 

1 j — 2 (= 11 ) -f- 2 = 5*0 degrees of th(‘ Metrical scale. 

o’o X 0 7 = II'H-j degri‘cs of Cl vrk's scale permanent 
hardness. 

The difference lietween the toCil and the iiermaiient hardness 
is the temporary or removable li.irdness, which in the example 
would be 15 — 5’5 = 95 degrees of the Metrical scale, and 10*5 — 3'85 
=0*05 degrees of Clakk's scale. 

The amount of permanent hardness is very important, as it 
chiefly represents the most objectionable earthy salts, V 174 ., calcium 
sulphate and chloride, and the magnesian salts. The greater the 
])crmanent hardness, the more objectionable is ftie Avater. The 
permanent hardness of a good water should not, if possible, be 
greater than about 5° of the Metrical scale, e<pial to 3^ or 4^ of 
Clark’s scale. 
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The determination, then, of 
1. The total hardneas, 

‘1. The 'permanent ov fixed hardness, 
n. The temporary or removable hardness, 
will enable us to speak positively as to the hygienic characters of a 
water, so far as earthy salts are concerned. 

1941. - irw 18 the method adopted in estimating the total hard^ 

ness in 'water f 

Fifty C C of the water are placed into a shaking bottle. The 
standard soap solution is carefully dropped into the bottle from a 
graduated burette The bottle is now thoroughly shaken and 
allow(‘d to stand, if there are any salts that give hardness to water 
they form insoluble oleate com])onnds and not a lather. We must 
then go on adding soap solution until we get a uniform lather of a 
heady eba’riett'r covering the sin'face completely and lasting for at 
least five minutes We now read off tlie number of measures (each 
measure = C.C\ of standard soap solution) takem W'e deduct two 
measures from this, because it takes two measures to form a lather 
with distilled water, and then every tw^o measnn's are equivalent to 
one degree of hardin^^s according to tin* Metrical system. 

1942. — Jain this,, 

Sup])ose w'o ns(' 2-1 measures, that is, 2'-4<(^ C. of tin' soaj) solution, 
the result wnll lx* 2-1-2 (eoi’rection for lather in distilled water = 
22 -T- 2 = 11® hardness (metrical) or 11 X *7 = 7*7 degrees Ciark’s 
scale. 

[This docs not mean that CaCUg is the entm* cause of the 
hardness, or that it is tlie only .salt present* it repre.->ents the ({uan- 
tity of snap solution us'xl lor a har<lne>s that would be dm* to 7*7 
gms. of ChiGOg to the gallon.] 

1,943. — JIow do got the fator 2 to divide tlie 'measures by ^ 

Thus in the above instanei' 2-1* — 2 = 22 net measures used ; 

52x20 (tlicro being 20 times 50 cubic centimetres in a litre' ; 

= 440 X *25 (the quantity of Caf’O, represented oy 1 mensure 
of soap solution); 

= 110 -f- 10 (to reduce parts per million or litre to jiarta per 
100,000) = 11^ raettrical or 11 X *7 = 7*7 grains ])or gallon. [Muli- 
plyiiig by 20 and by **25 and dividing result by 10 is the same as 
dividing by the factor 2 at once ] 

1944. — How much of the temporary hardness of water is removed 
by Clark’s process ' 

Ten-elevenths of the temporary hardness can thus he removed, 
but the permanent is not affected, so that the hardness of waters 
of 15® to 20® cannot, as a rule, he brought down below 21® to 3®. It 
seems at the same time to remove manj^ organic impurities. The 
hardest waters are those of springs rising in the chalk limestone 
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and dolomite, the last containing much magnesia, and being perma- 
nently hard. Thus, the Sunderland (dolomitic) water shows 30*^, 
the Chatham 24^, Cro 3 ^don and Kent Company" 20^ to 21° 
(WlLLOUGHB\). 

1945 . — Tr//a^ is flip eqfiirnleuf ev^pressed in cnrhonnfe of lime of' 

each '‘"measure ” of ihe standard soap solution ^ 

Each OT C.C., or in other words, each measure, of our soap solu- 
tion c/)rresponds to ‘25 ingtn. of calcium carbonate. Multiply this 
co-efticieiit b}^ the number of measures of son]) solution used, and 
the result is the liardjiess of 50 C.O.of water exjiressed as calcium 
carbonate. Then, as we have acted on one-tnentieth of a litre, mul- 
tiply h\’ 20 to give the amount ]kt litre, and then by 0 07 to bring 
the amount to grains jier gallon. 

1946 . —//^ tw is the iei^i carried out ^ 

TakcoOC.C. of water to b(‘ examimal and place in a sliaking bottle 
and drop in a measured (piantityof soa]) solution, sliake well and 
let It stand , if there be aii}’ salts it forms inslouble oleate compounds 
and not a lather. We must go on adding soayi solution until we get 
a uniform lather of a lH‘ad 3 charaettT covering the surlace com- 
pletelv lasting for at least 5 minutes. Lather should be ])errnanent. 
We now read oft' the number of C.C. taken Fromtlu'biirc tte. 

1 ineasnr(‘ = of O.C Say w'e use 2 1 of this solution it ecjuals 
12 degress of hardness according to the Metrical scab' or in grains 
per gallon ; 12 x 7 = 8*4 (according to(b.AHK’s scale). Take 50 C.C. 
distilled water, use soa]) solution and wait The distilhal water 
requires 

2 measure.s to form lather .'.24 — 2 ~ 22. 

From th(' 24 measures of soa}) solution taken subtract 2 for 
correction for lather in distilled water, which loaves 22, the total net 
measures of soap solution or 11° of hardnesss (Metrical) ; or 11 X ‘7 
= 7*7 grains per gallon according to Clvkk’s scale. 

[4'lns does not mean that CaCOg is the entire cause of the 
hardness or that it is the only salt jiresent it represent. s the quan- 
tity" ot so.'ip solution used for a hardness that w ould be due to 
CaCOa ] 

1947 . — Give auotJier example of the ivorhimj of this cohula.tion. 

Suppo.se 50 C.C. of water required 9 C. millimeters or 9 mea- 
sures to form a lather ; soap solution 9 — 2 (for lather of distilled 
water = 7), [7 are net measures]. 7 X 20 (there being twenty times 
fifty cubic centimeters in a litre) = 140 X ‘25 (the quantity of 
CaCOj represented by one measure of soap solution) 7 X 20 X *& = 
B5‘00 per mdZioa parts -r- 10 to reduce it two parts per 100,000 =:^ = 
3'5 grains per 100, 000 «= 35 X 10 -4- 7 = 5 grains ])er gallon. 

We divide the net measures by 2, because it comes to the same 
thing as multiplying by 20, and *25 and -r- 10. 
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1948 * — How is the determmation of the tot'il hardness of the 
water carried out ? 

Take 50 O.C. of the water ; put it in a small stoppered bottle, 
and add the soap solution from the burette, shakinq: it strongly after 
each addition until a thin uniform beady lather s])reads over the 
whole surface without ai^y break. If tlie lather is permanent for 
five minutes, the process is comjdetc* , if it breaks before that time, 
add a drop or two more of the solution, and so })roceed until a 
lather be obtained that is permanent for five minutes. 

Then read off the number 'inenHurea oi soup solution used. 

The amount of this total hardness is, for convenience, usually 
expressed in England in the manner ])roposed by Dr. Clark, i.c., 
“though dependent on various causes, it is expressed as equivalent 
to so much calcium carbonate per gallon, and in Ciakk's scale 
1 grain of calcium carbonate per gallon is called 1 degree of 
hardness. 

1949. — What are the chief roiistitiiciiis of the “ cidatde solids ” ? 

Organic matter, nitrites, ammonia, and chlorides. 

1950 — What IS the purpose served by the esfiwat (on of the solids ? 

It serves as a check to tlie determination of the total solids. 

1951 . — la testing very hard wafers what preparations are to he 
adopted ^ 

In trials of waters above 1G° hardness, loo measures of distilled 
water sluinld be added, and GO measures of tlie soa]) tc'^t dropiied 
into tlie mixture, provided lather is not found jireviously. If at GO 
test nieasures of soap test ; or at any number of such measures 
between and GO , the pi ()j»er lather be jirodnced, then a final 
trial may l>e made. 

1952 —Hoiv IS the test then condnrted '' 

loO test nieasures of wat(‘r under trial are mixed with lOO 
measures of distilled water, well agitated, to tins mixture soa]i test 
is added until the latlier is produced, 'rhe niimherof test measures 
required is divided hy 2, and the <louble of such degree will he the 
hardness of the w^ater 

1953.~-Girc 071 example. 

Suppose half the soap test that has been required corres])Oiid 
to degrees- of hardness, tb ' U tlie hardness of the water under 
trial will be 21. Supfiose, however, that 60 measures of the soap 
test have failed to produce a lather, then another 100 measures of 
distilled water are added, and the preliminary trial made until 90 
test measures of siiap solution have been added Should a lather 
now be produced, a final trial is made, by adding to 100 test mea- 
sures of the water to be tried 2(X) test measures of distilled 
water, and the quantity of aoaj) test required is divided by 2> ; and 
the degree of hardness corresponding with the third part being 
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ascertained by comparison with the standard solution, the degree 
multiplied by 3 will be the hardness of the water. 'J’hus, suppose 

85*5 

8^'C) measures of soap solution ivere required ' =28* r>, and ou 

3 


referring to the table, tins number is found to correspond to 
which multiplied by il, gives 42° for the actiuil hardness of the 
water. 


1964,— To nsceriniu oTurtJy flip hardness of ivoier 'what should he 
done hefore a'p)ihjin(f the soap test ^ 

PrcAioiis to {i])})l\iiig the soap test it is necessai} toexjiel from 
the water the excess of carbonic acid , that is, the excess over and 
above what is necessary to form alkaline or eartliy bicarbonates, 
this excess having the propert}* of slowly dccomjiosing a lather once 
formed. Foi* this ])iir])os(', belon' measuring out the water for trial, 
it should he shaki'ii liriskly in a stojqiered glass-bottle half filled 
with it, sucking out tlu' air from the bottle at inter\als 1>> means of 
a glass tube, so as to change the atmosphere in tlud otth' ; lOO measures 
of tlio \vat('r are then introduced into the sto])i)er((l ])hiab and treated 
■with the soap test, the carbonic acid eliminated being sucked out 
from tim(‘ to time from the U])per part of the bottle. M'he hardness 
of the wat('r is then inferred directly from the number of nu'asiires of 
soap solution employed. 

1955. — What are soft and hard soaps respect iwhj ^ 

Soft soa])s are princqially eileate's of ])otash, but contain also some 
stearate of ]K)tasb. 

Hard soa])s are ])rinci])ally stearates of soda, but the^y contain, 
besieh's, a little' oleate of soda, also palinitate and resinate of soda, 
where jialm oil and resin are usi'd m their manufacture. 


1856 . — Wltai was Dr. Clvuk's standard for hard v'aier ^ 

Sixteen degrees. 

1957 . — TF//u^ does this mean ^ 

W ater winch contains 10 grains eif ])ure calcium caihonate per 
gallon. 

1958 . — hitate briefly how the permanent hardness is determined. 

Boil a mcasureel quantity of tlie water briskhMn a wu'ele-mouthcd 
flask for half an hour, aeleling distilled water to make up for that 
evaporated. Allow the water to cool after closing the mouth of the 
flask. Make u]) with distilled water to the original hulk taken. 
Decant if possible, if not, filter, tlie quantity required for examination. 
Proceed as in the estimation for tlie temporary hardness. 

1959 . — briefly how the temporary hardness is,dctemiined ? 

Put 50 decerns of the water in a well stoppered square 8-ounce 
lK>ttle. From the burette run in small quantities of the soap solution 
at a time. Shake the bottle vigorously for about a quarter of a 
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minute. If a lather is produced, lay the bottle on its side and notice 
if it remains five niinutes ; at the end of that time turn the bottle 
round on its opposite side and note if the lather breaks. If it does, 
add more of the soap solution and repeat the ])rocess. When a 
permanent lather is produced note the number of measures of soap 
solution used. Now rejieat the })rocess on a fresh sample of water, 
running in the soap solution to within a few measures oi the former 
quantity used. From tliis point run in the soap by drops so as to 
obtain the exact quantity used and as a check upon the former 
< estimation. 

.1 960 . — Describe Clakk’s process for softening water on a small scale. 

On lohat principle does it depend 

The method is ap])licable to chalk}' waters, that is. water contain- 
ing extra ])roportions of carbonate of lime. By the addition of lime 
water the chalk is precijiitated and the water left above is clear, 
colourless, and soft, not holding in any .sensible degree eitluu* a solu- 
tion of quicklime or bicarbonate of lime. In houses it is easily 
carried out, by having a quantity of ordinar\ lime in a well sto]>- 
pered bottle, using it to soften the water as reijiiired. The pro])or- 
tion of lime to the water is one in thirteen. Two jugs may be used, 
one holding thirteen times as much as the other. For each jugful 
of the large.st kind of'hard wat(‘rmix the contents of one of tin small 
jugs of lime water. The chalk after a little while diqiosits at the 
bottom wdien the softt'iied water can be ])0ured off. 

1961. — Describe Clakk'.s jyn^cess for removing the hardness of 

water on a large smlc. 

The water collected in large tanks is treated witli a sufliciency 
of lime water to neutralise the fr(‘e carbonic acid pre.sent. As the 
carbonate of lime present in the original w'afer is only retained in 
solution b} the excessof carbonic acid, it follow s that if thisbe remoA ed, 
the carbonate of Jime will be jirecipitated. The lime water acts, 
therefore, by neutralising the carbonic acid, foimiing with it insolu- 
ble carbonate of lime, which is thus precipitated together with the 
carbonate of lime jireviously dissolved in the water. By this means, 
not only is the lime almost entir<‘ly removed, but a certain degree of 
organic ]>nrificatioii takes jilacc by the jirccipitatcd lime carrying 
down w'lth it a con.siderable amount of the organic matter ])resent. 

1962. — What regulates the quantity of Urns required to remove the 

hardness ? 

The quantity to be added to the water is made known by ascer- 
taining the amount of total hardnes.s. 

1963. — How much lime is used in the process ? 

One ounce of quicklime should be added to 100 gallons of watet 
for every degree of hardness. 
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1964 , — How is the lime treated "before beinrj added ? 

It is first to be slaked and stirred in a few gallons, and imme- 
diately poured into the whole (juantity, taking care to re])eat the 
operation, and to thoroughly mix the whole contents together. 

l^eB.— What is next done ? 

After this it should be left at rest, and it will become sufficiently 
clear in three hours for external use, but should not be drunk for 
twelve hours. 

1966 . — mai are the chief objections to Clark’s ^^rocess ^ 

1. It re(|uires large extra reservoirs when done on the large 
scale, as large volumes of water have to be left at rest for many hours ; 
this, of course, entails exjanise. 

2. I'he great (juantity of clialk that accumulators at the bottom 
-of the reserv^oirs, and that must be carted away occasionally, also 
entailing extra ex])ense. 

^1. The soittened water is more likely to attack lead pipes. 

1967 . — Ifcue is Clark’s process carried out for stfienlmj Thames 

water ? 

The working of the process (Clark's) mav be di'siTilied sliortly 
as follows : -For 'riianu^s water, the ])ro])ortion of lime to be used 
should be about II-J, cWt to each million gallons. The lime in the 
form of (piieklime is first slaked with water in a tank, into which the 
water to be softened is gradually allowed to flow, thorough mixing 
must be ensured b}' wooden paddles or other mechanical means. 
The water becomes milky in a})})earance from jirecipitation of 
the chalk, and must then be allowed to settle, for 12 lioiirs, and 
subseijuently decanted. Ilesides chalk, a certain amount of colouring 
and organic matters are remov ed from the water l>y this jirocess. It 
is im])ortant that uncombined lime should not jiass out with the 
purified water, as would be the case if lime wiTe added in excess of 
that rcMjuired to combine with all the carbonic acid holding the chalk 
in solution. To detect uncombined lime, it is only necessary to add 
a few drops of a solution of nitrate of silver to the treated water in a 
shallow w^hite dish, when a yellow or lirownish colour is jiroduced if 
uncombined lime is prescuit, but only a white preci}utatc of chloride 
of silver if there is none jiresoiit. 

1968 . — What arc the waters to which Clvrk’s process ore specially 

apidicohle 

Those containing excess of CaCOg held in solution bv' excess 
-of COjj. 

1969 . — What quantity of lime is added to remove the hardness ? 

The quantity to be added to the water is made known by 
ascertaining the amount of total hardness ; the actual amount usually 
employed is one ounce of quicklime to ev^ery 100 gallons for every 
degree of hardness. 
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1970.— Give some useful dnfit rerfanUng hardness. 

1 degree (1*^) Cl auk’s scale = 1 ‘4 degi'ee (1^4) on the centesi- 
mal scale (parts i)or 100,000). 

1 degree (1°) Clakk’s bcale=a0’8 degree (0°‘8) on the Cermau 
scale. 

1 grain CaCOj,==l’]l gr. CaClg = gr. CaSO^ =0*50 gr. 
CaO = 0*84 gr. MgCOj, = 0*4 gr. MgO in soap = destroying power. 

1 gram ])er gallon CaCOg = 1*40 Mg per litn‘. 

1971 . — What is the rationale of the process of the soap test ^ 

AVlu'ii an alkaline oleate is mixed w'lth pure water, a lather i> 
given almost immediatel> ; hut, if lime, magnesia, iron, haryta, 
alumina, or other suhstances of this kind be present, oleates of these 
bases are formed, and no lather is given until the t'arthy bases are 
thrown down Free (but not combined) carbonic acid ]n'e\eftts the 
lather. The soa]) combines in eipii valent ])ro)>ortu)nK with these 
ba.ses, so that if the soap solution be graduated by a solution of 
known strength of an^ kind, it wdll be of e({uivalent strength for 
corres])onding solutions of other bases. There are, however, one or 
two ])oints which render the method le.ss certain. Om* of these is, 
that, in tlie case of magnesia, tlu're is a teiideiic}’ to form double 
salts (Pl VYFAIR and C iMriiTLL), so that the determination of magnesia 
is never so accurate as in the cases of lime or baryta. Carbonic acid 
appears to unite m efpn valent pro[H)rtu)ns w hen it is jiassed through 
the soa]) solution ; liut if it be dittused in w ater, and then shaken uj) 
with soap solution, two e(|iiivalents ot the acid unite with one of 
soap. * 

1972 .— What precaution is necessary if magnesian salts are 
present ^ 

If magnesian salts are jiresent a scum is formed, therefore add 
the soa]) solution very slowly and shake more hriskly after each 
addition. Jf the water is above 10^ hardness mix 50 decerns of the 
water with an e(]nal volume of recently boded distilled Avater cooled 
ill a stO])pered vessel and determine bardness as Ixd’ore. ddie result 
must of course be multijilied b> 2. 

1973 -n 'hat is the strevgih of Wanklan’s standard soap 
solniion ^ 

It contains exactly sufficient soap in 1 C.C. to prcciiiitate one 
mgm. of CaCOg. When therefore the 70 C.C. are taken and a certain 
numlier of C.C. of standard soap solution, it is as if an actual gallon 
of water had been taken, and tested with a certain number of measures 
of standard soap solution whereof each measure contained soap 
equivalent to one gramme of carbonate of lime. 


♦ Parkes* Practical Hygiene^ 7th Ed. 
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t— TTky it 70 0.0. taken f 

Because it forms a sort of “miniature gallon ” ; they contain as 
many mgms. of water as there are grains in a gallon. 

1976 . — What is the Portek-Clakk prooeei ? 

It is a modification of Clark’s. Instead of waiting for slow 
subsidence, which takes ten or twelve hours, the precipitated calcic 
carbonate is removed rapidly by filtration through cloth, under 
pressure. 

The Porter-Clark process is an admirable one for removing 
excess of temporary hardness, and the carbonate of calcium deposited 
in the process carries down with it organic matters, so that the 
filtered water is fairly soft, clear, and of a fine blue tint when viewed 
in thick layers. 

197e.--What is Atkin’s patent system of soft eating water ? 

In principle it is the same as Clark’s process, the difference 
consisting in a provision made in the Atkin system for filtering the 
water concurrently as it is softened, instead of precipitating the lime 
in tanks. 

1977 . — Mention another method of reducing hardness. 

The addition of a solution of barium chloride (BaCl,). 

1978 . — ExjyJain the rationale of this process. 

llie addition of the BaCl, converts the siiljihate of lime into a 
chloride; the BaSO^ is precipitated. As the CaSO^ is converted into 
a chloride, CO, is passed through the water which converts it into 
carbonate of lime and this is thrown down. 

197 9. — What are the disadvanta-ges of this process ^ 

1. It is expensive. 

2. BaClj IS not altogether a noii-jmisonous agent. 

19B0.—aive an example as to its practical application. 


Original hardness . . . 

50 C.C. barytic solution ... 22 

Alter precipitation . . .'*45 

Difference ... 9 


•24 X 9 X 2 = 4 •:12 parts per 100,000 ; 4 32 x 0*7 = 3*02 grains 
per gallon. 

Usually this process gives good results. Occasionally, from 
some cause which is not clear, the barium sulphate does not precipitate. 
This does not depend on the amount of sulphuric acid. The ease 
with which this process is carried out renders it useful. The barytic 
solution is only strong enough to precipitate 6*72 grains of sulphuric 
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acid (SO 4) per gallon, so that half the water only must be taken, or 
less, if the sulphuric acid be evidently in large amount. » 

1981. — What is Maignen’s patent process f 

This is founded on Clark’s principle, but the apparatus is xnbre 
adapted to domestic requirements. In its simplest form of applica- 
tion the softening material, called anti-calcaire (an admixture 
in powder of lime, soda and alum) is stirred up in the water to be 
treated and the precipitate allowed to settle. One pound of the 
powder costing sixpence, will sufRciently soften from 300 to 500 
gallons of water. 

[The resources of analjtical chemistry are not as yet sufficiently 
developed to determine the existence and nature of all organic sub- 
stances with which water may be contaminated, and the presence of 
some of the more subtle and dangerous of these is manifested only 
by their pathological effects.] 

1982. — iToir could you represent the disadvantages attaching to 

each degree of hardness in soap ^ 

By the fact that about ounces of soap arc wasted in washing 
purposes in 100 gall9ns of water of one degree of hardness, each 
grain of carbonate of lime wasting about ten grains of soap. 

1983. — Doe« the Uewdnsss in different waters vary ^ 

Yes, within very wide limits. Thus in the deep wells in magne- 
sian limestone it varies from 14° — 57^ ; in the deep wells from 
chalk beds it averages 27°. In the water from Bala Lake, Wales, 
the temporary hardness is 0°‘l, the permanent hardness 0°*3, in the 
Lock Katrine water there is no temporary hardness and 0°'0 
permsinent hardness ; in the water from the Thames, above Bead- 
ing, temper ar}^ hardness 12°*8, permanent 8°*2, total 21°, from 
the Thames, above Hampton, temporary hardness 17° 0, permanent 
6 °* 6 . 


1984 « — What is the limit of hardness allowable ^ 

Fourteen degrees of hardness is the allowable limit in waters 
used for drinking and cooking jiurposes. Some authorities hold 
that water having anything beyond 8 or 9° of hardness ought not to 
be used without being softened; others consider that even as 
much as 40° is harmless if the hardness arises from chalk only. 

If the hardness arises from MgCOj and CaS04, exceeds 

i4°, it is not a suitable water for drinking purposes. 

[Persons who for a long ])eriod have been accustomed to a hard 
water and are then obliged to use a soft one, are very liable to suffer 
from digestive derangements.] 
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1985 . — Which are the hardest waters f 

Those of springs rising in the dolomite and chalk limestone, 
the former, containing magnesia, being permanently hard. 

1986 . -— w the effect of boiling upon water containing much 

GaCO;,? 

It drives off the CO,, which holds the excess of CaCOj in solu- 
tion ; the latter falling to the bottom as a precipitate ; the ^ ater which 
was “ hard ” is thus rendered “ soft.” 

1987 . — What are the objections raised against Clark’s process ? 

The following objections have been raised against Clark’s pro- 
cess for softening water : — 

1. That the softened water attacks lead — denied by Wanklyn. 

2. That the process is not applicable to waters containing organic 
matter in large quantity, because the chalk precipitated will not 
subside — answered by condemning all waters with a large quantity 
of organic matter. 

3. That in carrying out the process on a large scale, great volumes 
of^the water must be left at rest for many hours, extra reservoirs 
are required, and the expense of water- works thereby greatly 
increased. 

4. That the quantity of chalk which would accumulate at the 
bottom of the reservoirs would require frequent removal and entail 
expense. 

The two last objections can only be answered by comparing the 
relative cost of other proposed schemes.* 

1988 . — In there any special process that requires a very hard water? 

Yes, that of brewing. In this case the water may contain as many 

as 28 degrees of permanent hardness to the gallon, especially ff 
from calcium in the form of sulphate. 

1989 . — an example in which this is the case. 

Burton-on-Trent. 

1990 . — Why is hardness advantageous in this process? 

The hard water keeps out the colouring matter of the salt. 

1991 . — How may the hardness of chalk waters be adequately 

represented ? 

By the fact that every 1,(K}0,000 gallons contains about tons of 
chalk. 

1992 . — How does boiling affect the degree of hardness of water ^ 

Some hard waters are softened by boiling ; others are not. The 
hardness of water removed on boiling is due mainly to the presence 


• Wankltn's Water Analysis. 
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of Cffrhonate of lime and magnesia; whilst the water, the hard- 
ness of which is but slightly, if at all, affected, contains sulphate of 
lime. Chalk waters are most influenced by boiling, as the carbonate 
of lime is held in solution by the excess of carbonic acid present. 
When a chalk water is boiled, the carbonic acid is expelled, and the 
carbonate of lime is to a great extent precipitated. 

The hardness, due to carbonate of lime, is termed “ temporary,’* 
as it can be thus removed ; that due to the sulphate of lime and 
magnesia is termed “ permanent,” as it is not removable by boiling. 
It is always desirable to know to which of the above the “ hardness 
of water is due, as, in excessive cases, a knowledge of the cause 
would determine whether the water might be rendered fit for 
domestic purposes. 

The Chemical Commission of 1851 (‘ Quart. Jour. Chem. Soc.,' 
Vol. iv., p. 388, 1852) found that the water supplied by 'the New 
Kiver Company to London, having a total hardness of 14° to 15° and 
a permanent hardness of about 2°, when drawn on six different 
occasions from the fixed boiler of a kitchen range, had a hardness of 
5°'4, 4° 9, 4°‘l, 4°*9, and 5°*3; the average being 4°*8, or one-third 
of the original amount. 

1993 . — What effect has hardness on the infusing of tea ? 

In tea-making, hard water is considered to yield a more delicate 
infusion than soft water, and is hence preferred. A soft water, 
on the other hand, yields with tea a darker and better infusion, 
and is hence more esteemed for the purpose by the lower orders, 
who desiderate ‘ strength ’ of tea. The chief difference in this 
respect between a hard and a soft water is that when a hard 
water is used a longer time is required for the infusion of the tea. 

For most culinary purj)oses a hard water is objectionable, and 
the presence of calcium salts is said to harden the fibre of meat 
during boiling. Sulj)hate of calcium, too, when boiled with legumi- 
nous seeds, is asserted to form hard indigestible compounds with the 
legumin which they contain. 

1994 . — Does erperience show that the use of hard water is danger^ 

ous to health ? 

It does not. Some of our town supplies, as, e.(7., those of Bristol and 
Bunderland, are very hard, the water supplied to Sunderland contain- 
ing magnesia and sulphates, the equivalent of 14 grains anhydrous 
and 28 grains crystallised sulphate of magnesium per gallon ; yet 
the Medical Officer of Health has not been able to trace any incon- 
venience to health, much less disease, to its use, and it is believed 
to be a good wholesome water, though having a hardness of 25°. 

The waters of the valley of the river Trent, and very many of 
those derived from wells and springs in the new red sandstone 
formation, are intensely seleniferous, t.e., abound in sulphate of 
oalcium, and yet are not generally considered harmful. 
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All are agreed that where the hardness of water is due to the 
presence of carbonate of calcium, and to a lesser degree of carbonate 
of ’magnesium, t.e., when the hardness is temporary or removablej, 
little harm ensues ; but that when the hardness is permanent, due to 
the presence of the sulphates, nitrates, and chlorides of calcium and 
magnesium, the dietetic value of a water is greatly impaired. How 
far this opinion is based upon a solid basis of facts is at least 
uncertain. 

1996.— TH/at is the 'tnaney-loss involved in the use of softening 
hard water ^ 

The money-loss involved in the use of hard water has been 
much exaggerated. The difference between the use of water of 2® 
and one of 14*^ of hardness is about 128 grains of yellow soap per 
gallon, or IJ oz. per 6 gallons, 6 gallons being the ordinary con- 
sumption of water per head per day for washing purposes ; it being 
assumed that the water is used cold. The money-value of this 
amount of soap is 0*04(?. ; whilst the cost of softening 35 gallons of 
water — the daily supply per head in towns— by the Porter- Clauk 
process is 0*01 2d. only. ITie difference is equal to rather more than 
lOJd. per head per annum. 

When soda is used in addition to soap, as in ordinary laundry 
work, the loss of soap is much less, since the soda (carbonate of 
sodium) precipitates the calcium salts in a form which prevents the 
destruction of soap. 

The case against the use of hard water was ably put by the 
Chemical Commission of 1881, who stated that it is in the more 
careful washing for the upper and middle classes that the advan- 
tages of soft water become fully sensible ; for when a hard water 
is heated the carbonate of calcium is precipitated on the linen, 
carrying down with it the colouring matter of the dirty w ater, and 
producing stains which there is the greatest difficulty in afterwards 
removing from the linen. The colouring matter from the water is 
thus indeed fixed upon the cloth by the precipitated calcium salt 
with the tenacity of a mordant. 

If the hands be waslied in water before this artificial softening 
is complete, the insoluble lime soap will be precipitated on the skin, 
producing a harsh, unpleasant sensation , and if linen lie 'washed in 
such water, the insoluble soap precipitate is deposited within and 
between the fibres of the fabric. 

1996 . — How do sulphate n7id eo7'honate n/ lune in water 'i 
tiveh/ affect steafn boilers ^ 

The sulphate of lime, although somewhat soluble in cold water, 
deposits bec^ause it is almost completely insoluble in water having a 
temperature of about 130°C. a tem])erature which is reached when 
the pressure of steam in the boiler is that of 2 atmospheres. It 
forms a scale which is very coherent and difficult to detach, while 
the carbonate of lime, in tho absence of other deposits, generally 
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settlee as a loose sludge, which, however, under some circumstances, 
becomes tolerably compact. [Lengthy remarks on boiler mcrustation 
and the boiler corrosion does not come within the objects of this 
Catechism.] 

%997.--What are the disadvantages and risks of these deposits ? 

1. As the bottom of the boiler (next the fire) becomes thickly 
coated, much more coal must be used to keep up the steam ; hence 
this is wasteful and entails more expense. 

2. The boiler plates are allowed to become rod hot, as the 
water cannot reach the lower ones, and this leads to rapid corrosion 
and wearing away of the plates and weakening of the boiler. 

3. The deposit or crust may crack, and allow the water sud- 
denly and directly to reach the red hot })lates, and this is followed 
by a very rapid generation of steam, and probably bursts the 
boiler. 

1998 . — What material is chiefly used for water mains and how it 

it affected hy the water ? 

The material most commonly employed for the main distribution 
pipes is cast-iron. Cast-iron is readily acted upon and caused to 
rust by most waters, and the water, by exposure to the iron, acquires 
more or less of a rusty character. The presence of what little iron 
is actually dissolved is of no significance, and the suspended parti- 
cles of iron rust can hardly be regarded as deleterious to health. 

The water is, however, sometimes rendered unfit for washing, 
and becomes objectionable in appearance. The action on the pipes 
is so great, especially when soft waters are conveyed through them, 
that they are seldom used now excei)t the surface be protected in 
some way from corrosion. 

1999 . --H0W are cast-iron mains protected from corrosion ? 

The process commonly employed is that devised by Dr. R. 
Angus Smith : the newly cast pipes, which must be free from rust, 
are heated to a temperature of some 500° P. and then dipped, 
perpendicularly, into a hot bath of coal-tar pitch mixed with a small 
proportion of heavy coal oil. In this bath they are allowed to 
remain for a short time and then withdrawn. The firmly c oherent 
coating thus formed does not afford absolute protection against rust, 
but it has proved very efficient in practice. Of course, from a 
sanitary point of view, this surface is as good a one as could be 
desired. 

2900 . — Describe a more recently introduced method of preventing 
corrosion ? 

It has been proposed by Professor Barpf, of London, to protect 
articles of iron, among other things water pipes, from corrosion, by 
covering them with an artificial coating of the black oxide of iron. 
The coating is produced by exposing the metal to superheated steam 
at a high temperature, and wnen once formed it protects the iron 
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from atmospheric and other agencies which would corrode it. If the 
process proves practicable as far as expense goes, ifc will, no doubt, be 
of great use, especially in protecting iron service pipes. 

2001. — ITame some places where process is carried out on a 

large scale. 

Oaterham, Canterbury, Colne Valley Water Works, etc. 

2002. — What geological formations furnishhard waters ? 

The following geological formations almost invariably yield 
hard waters: 1. Calcareous siluriaii; 2. Calcareous devonian; 
3. Mountain limestone ; 4. Calcareous rocks of the coal-measures ; 
5. New red sandstone ; 6. Conglomerate sandstone ; 7. Lias ; 8. 
Oolites; 9. Upper greensand; 10. Chalk. 

2003. — What is there peculiar about the water from clays ? 

The amount of permanent hardness in such waters is always 
great, as the London, Oxford, Kimmeridge and Lower Lias clays ; or 
in places where there are large deposits of calcium sulphate, as at 
Montmartre, near Paris, (hence the name Plaster of Paris given 
to desiccated calcium sulphate). 

2004. --Tr/wt^ is the average of hardness of the Thames water~sup^ 

ply to London ? 

About 14 degrees. 

2005. — What diseases are connected with the coyisv/unption of 

waters containing excess of mineral matters ^ 

Hard waters produce dyspepsia, constipation, and sometimes 
diarrheea ; goitre and cretinism are associated with magnesian lime- 
stone formation, but not everywhere, for magnesian limestone occurs 
in Scotland, Ireland and Scandinavia, without the ])resence of these 
diseases; it has been suggested that when iron is in it, a different 
•effect may be produced. Calculi and diseases of bones are alleged 
to be caused by drinking such w'ater. Iron in quantity may produce 
headache and dyspepsia. Brackish 'ivater from wells near the sea 
may set up diarrhoea.’'^ 

2006 . --What are the disadvantages of the use of hard water ? 

There are many disadvantages associated with the use of hard 
water: — 

1. The waste of soap used in washing clothes. 

2. The difficulty of cooking food, especially vegetables with it. 
Tea can be but imperfectly infused in it. 

3. The fact that it is believed by some to cause certain diseases 
—goitre, cretinism, stone in the bladder, dyspepsia, etc. 
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those supplied by soft water. Yet an important fact must not be 
overlooked, and that is, that the water-hearing strata of four-fifths 
of the world consists of lime, or contain salts of lime which impart 
hardness to water ; therefore the vast majority of people living use 
hard water. Usually people become accustomed to the water of the 
place in which they live, and only recognise the difference on leav- 
ing it. The effects of this difference in hardness of water should be 
remembered in ordering patients away for a change on account of 
ill-health. 

There is no doubt that medical opinion has undergone some 
change as to the alleged unwholesomeness of hard waters ; and it is 
now generally accepted that excessivelv hard waters are injurious 
to the digestive processes, though proof of this is difficult, and the 
conclusion has been doubted. 

The use of a water of more than 20 degrees of hardness 
(Clark’s scale) is undesirable ; and an ordinary good water 
ought not to have more than 15 degrees of hardness. The use of a 
water of 25 degrees of hardness is, however, jiermissible when no 
softer water is available. The permanent hardness of a good water 
should not exceed 5 degrees. 

201 5 . — What may he said in favour of soft waters ? 

There is no doubt that the evidence is conclusive and cogent as 
to the great advantage of soft water over hard for washing, and, 
with some few exceptions, for general manufacturing purposes ; and 
if we were treating of the supply of a town like those in the manu- 
facturing districts of England, where large quantities are required 
for these purposes, the objection to the present supply (to London) 
would assume a more serious aspect. But the amount of manu- 
facturing industry in the metropolis, of a kind to demand a large 
supply of soft water is exceedingly small in proportion to the 
population, and it must be recollected that the softening influence 
of boiling largely diminishes the evil. To these exceptional cases 
also, the softening process of Dr. Clark would be easily applicable. 

There is no doubt, also, that in personal ablutions ana washing 
generally the use of soft water is more pleasant and economical, but 
we think the latter advantage has been much over-estimated. The 
soap is usually applied out of the water, and therefore it is with the 
small quantity or water adherent to the object washed that we have 
to deal, and not with the total quantity used for rinsing to remove 
the soap. It is certain, however, that when a soft water or rain 
water can be obtained for these puiqioses, it will always be preferred. 

‘ On the w’hole we cannot see that the advantages of soft water 
are of sufficient importance to justify going to a great distance to 
obtain it, in place of the ample supply near at hand.’ 

The Rivers Pollution Commissioners stated that the saving of soap 
the use of soft water is most obvious in the washing of the person ; 
and for baths soft water is undoubtedly most agreeable and bene- 
ffcial. Its superior efficiency to hard water in washing floors and 
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walls is calculated also to promote greater cleanliness in the dwell- 
ings of all classes, both within doors, and externally ; whilst in the 
occasional domestic washing of linen, the smaller preparation neces- 
sary for washing in soft as compared with hard water, the saving 
of soap waters in a high degree desirable. The saving of labour is 
.also considerable, and tends to promote cleanliness.* 

2016 . — Name the softest waters ? 

Rain water is the softest, but as a rule, lakes yield waters of a 
very low degree of hardness ; thus, Bala Lake gives only 0*28, Grlas- 
gow water (Loch Katrine) 0*0, and Manchester (Thirlmere) 2® to 3®. 

2017 — What two diseases have been specially connected with the 
use of hard water ? 

Goitre and cretinism have been attributed to the habitual drink- 
ing of excessively hard water. 

M. Saint Lager, basing his opinion partly on certain negative 
instances, partly on his own experiments with the soap test, which 
show no relation between hardness of water and goitre, and partly 
on the negative results of experiments on animals with calcium 
sulphate and magnesian salts, denies altogether the connection be- 
tween goitre and calcium and magnesium sulphates and carbonates. 
He states also that M. Grange has now himself given up the belief 
of magnesia being the essential agent of goitre, and argues that 
the constituent of the water which is the actual cause is either iron 
pyrites (ferrum sulphide), or more infrequently copper or some other 
metallic sulphide. And he explains McClellan’s results by the suppo- 
sition, based on an expression of that writer, that in the limestone 
districts of Kumaon the water had traversed the metalliferous 
strata of the rocks. Saint Lager does not support his opinion by 
actual chemical analyses, but he brings forward geological evidences 
on a large scale to prove that the endemic appearance of goitre 
coincides with the metalliferous districts. He has also made experi- 
ments on animals with iron salts which do not appear conclusive, 
although he believes he produced in some cases an effect on the 
thyroid. His hypothesis seems to fail from his want of chemical 
analyses. He has made out a case for inquiry rather than for conclu* 
sion. 


In some observations made by Dr. Ferguson on the goitrous part 
of the Baree Doab district (a boulder-gravel subsoil), the water is said 
to be largely charged with lime. In the jail at Durham, Johnston 
states “ that when the water contained 110 parts per 100,000 (chiefly 
of lime and magnesium salts) all the prisoners had swellings of the 
neck; these disappeared when a purer water, co:fttainiiig 26 parts 
per 100,000, was obtained.” 


* Sixth Report of the Rivers Pollution Commissioners. 
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Goitre may be rapidly produced. Bally noticed that certain 
waters in Switzerland would cause it even in eight or ten days, and 
cases almost as rapid have occurred in other places.* 

Dr. J. B. WiLSox (late A.M.D.) carried out some inquiries at 
Bhagsoo, Dhurmsala, where goitre prevails extensively. He analysed 
specimens of the drinking water within a radius of ten miles, and 
found them exceptionally pure, only three showing traces of lime, 
and none givmg any evidence of magnesia or iron. 

It seems, therefore, that the question is still undecided, and it is 
much to he desired that more extended inquiry should b e made, 
with careful analyses, such as have been made by Dr. Wilson — as 
well as records of local and other conditions, which probably contri- 
bute more or less to the production of the disease. 

2018 . — Has Clark’s process any other property besides that of 

reducing the hardness ^ 

Yes ; it removes man}' organic impurities. 

2019 . — Give an idea of the relative amounts of each of the agents 
required in the softening of water ond the expense entailed. 

1 cwt. of quicklime costs ... ... ... £ 0 0 8 

cwts. of carbonate of soda cost 2 17 9 

20^ cwts. of soap cost ... ... ... ... 47 1 8 

So that 1 cwt. of lime will do as much as a ton of soap, and of 
course, at a very much less cost. 

2020 . — measures have been proposed to overcome the hardness 

of water ? 

Various remedial measures have been tried, but, with few 
exceptions, not in a sufficiently thorough way. To neutralise the 
acidity of the water it has been exposed to fragments of limestone, 
and the conduits have been lined with the same material, but the 
limestone soon becomes inert, jirobably by incrustation and frequent 
removal of the surface is necessary. Measured quantities of lime 
have also been added to tlie water, and powdered chalk has been 
proposed for use in like manner. In pursuance of a recent hypo- 
thesis, the water has been charged with traces of silica by filtration 
fhrough powdered granite or flint. More evidence is needed before 
any final conclusion call be arrived at, and it is at least possible that 
the mischief may not always be due to the same cause. 

* An outbreak of acute bronchocele is recorded by M. Colin as haring 
occurred at Briainjon in the Hartes Alpes, France. 

A case of the same disease is also recorded by the Authoe in the Indian 
Medical Gazette for 1881 . It was that of a healthy male adult, who having pre- 
viously had a small goitre, suffered from symptoms of urgent dyspnoea, after 
carrying a heavy load 13 miles up-hill, the thyroid gland having increased 
enormously in size in two days' time. 
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CHAPTEE XXIV. 

EXA.MINATION OP W ATE R~ continued. 


Organic Matter in Water. 

2021 . — What forms of organic matter are found in water ? 

Animal and vegetable matter, together with the products of their 
decomposition. The nature of these matters is not definitely known 
as many of the compounds are highly complex. 

2022. -75 it important to know the nature of the organic matter 

present in water ^ 

It is very important to know whether the organic matter is 
•of animal or vegetable origin, and whether the quantity is con- 
siderable. 

2023 . — JTow? is this information obtained according to Prankland P 

The only item in water analysis which furnishes direct evidence 

on this head is the “ total inorganic nitrogen” according to Frank- 
land’s view. 

2024 — What may be the nature of the organic suspended im- 
purities present in water ^ 

Particles of dead animal and vegetable life, vegetable organ- 
isms — bacilli, bacteria, vibrios, micrococci — some harmless, some 
putrefactive and others pathogenic — animal forms — germs, spores, 
ova, animalculee, and various forms of protozoa ; confervoid growths, 
algas, etc. 

2025 . — Of what may the inorganic matters consist ^ 

Finely-divided silica scales, chalk, peroxide of iron, clay, chalky 
marl, magnesium sulphate and other mineral substances. 

2026 . — IT/uc/i is the most important 'tmimrify in tvater ? 

The organic. 

The organic impurities are by far tlie most important constituents 
of water, and they are the most powerful in jiroducing disease. The 
saline bodies, when in excess, are not without 'their injurious effects, 
but when found they are more or less constant and unvarying, can 
be determined with accuracy, and the diseases they bring about can 
be readily and with certainty connected with them. Dead organic 
matter may give rise to diarrhoea, dysentery, etc., but living organic 
matter in the form of specific micro-organisms may bring about 
specific diseases, such as cholera and enteric fever. 

2027. -^Are we able to define its exact nature ? 

We are not able by chemical means to determine the origin of 
the organic matter. 
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2028 . — What bodies a/re included in the term “ organic matters'' 

For hygienic analyMcal purposes they are divided ii^to ; — Nitro- 
genous organic matters and oxidisable organic matters, chiefly 
non-nitrogenous. 

2029 . — Which is the more injurious in water, animal or vegetable 

organic matter ? 

Animal matter. 

2030 . — How are they distinguished ? 

By their effects ; vegetable matter even in large quantities is com- 
paratively harmless ; animal matter contains a large amount of total 
solids, chlorine and ammonia ; they may also be distinguished by the 
microscope and other methods adopted in water analysis. 

2031 . — What forms of organic matter may he foundin water ? 

Vegetable — nitrogenous and non-nitrogenous. 

Animal — all animal matter is to some extent nitrogenous. 

2032 . — What is the difference in the products of decomposition of 

non-nitrogenous and nitrogenous organic matter ^ 

Wlien organic ’substances containing no nitrogen are oxidised, 
they are converted into carbonic acid and water — substances which 
in aerated water can, of course, no longer be identified. Nitrogenous 
organic bodies, however, such as sewage and animal matter generally, 
yield, in addition, nitrous and nitric acids, and ammonia; these react- 
ing on mineral substances in the water, form nitrates, nitrites, and 
ammonium salts, which remain dissolved in the water and can be 
accurately determined. 

2033 . — What ready means may we use for estimating the amount 

of organic matter by means of permanganate of potash ^ * 

By finding out what quantity of a standard solution of it ia 
discolorised by a litre of water in a certain time. This gives a rough 
estimate of the extent of contamination to which water has been 
subjected by decomposing organic material. As in the case of 
the chloride of gold test, animal matter discolorises more ra])idly than 
vegetable. 

2034 . — is the dephenylamine test fqr oxidised nitrogen ? 

A 2 per cent, solution of dephenylamine in strong sulphuric 
acid is spread out in a thin layer upon a white porcelain plate. A 
drop of the sample water is allowed to fall in the centre, and any 
trace of oxidised nitrogen is revealed in a few seconds by a blue tint 
throughout, or, at the line of contact. 

2035 . — Give another simple volumetric test for oxidised nitrogen. 

Half a litre of sample water is evaporated down to 2 C.C. and 
then transferred to a tube inverted over mercury. About 3 0.0. of 
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pure sulphuric acid arc passed into the tube, and after shakings 
all the oxidised nitrogen comes off as nitric oxide, which is measured 
volumetrically. 

2036 — is Frankland and Armstrong’s method of eatu 
mating the organic carbon and organic nitrogen '' 

FRANKiiAND and Armstrong’s process consists in submitting to 
organic analysis, by combustion with oxide of copper in a combustion 
tube, the residue obtained by evaporating the water under exami- 
nation to dryness. The gases — nitrogen and carlxinic acid — liberated 
during the combustion are collected in a graduated tube. The 
9 arbonic acid is withdrawn by the aid of caustic potash, leaving 
the nitrogen, when its volume can be read off. Previous to evapora- 
tion, any ntirates or nitrites are destroyed by the addition of 
sulphurous acid to the water. The above process gives the amount 
of nitrogen jiresent in the form of ammonia and organic nitrogenous 
matter. The amount of nitrogen present as nitrates and nitrites is 
estimated by treating the residue of another portion of the water 
with strong sulphuric acid in a graduated tube standing over 
mercury. On agitating the tube, the whole of the nitrogen present 
in the form of nitrates and nitrites is liberated as nitric oxide, the 
volume of which is read off and halved for the amount of nitrogen. 
As the evolution of hydrochloric acid gas, the result of the action 
of the sulphuric acid on any chloride present, would interfere with 
the result, all the chlorides are destroyed by the addition of sulphate 
of silver previous to the addition of the sulphuric acid. 

2037 . — Give the outline o/Frankland’s organic carbon and oiganic 

nitrogen 

A litre of the water is mixed with 30 C.C. of a freshly saturated 
solution of suljihurous acid, and boiled for a few minutes. Such a 
solution of suljihurouK acid can be readily and rajiidly prepared by 
passing the gas from a syjihon of liquefied sulphur dioxide into 
distilled water ; these syphons are now articles of commerce. By 
the above treatment the carbonates are decomjiosed and carbonic 
acid expelled. When the water contains little or no carbonate, 
0*2 gramme of sulphite of sodium are added before evaporation. 

2038 . — What advantages does Frankland claitn for his process ? 

Dr. Frankland claims for his process that it is the only one 
which determines with anything like precision the total quantity of 
organic carbon and organic nitrogen present in a water, i.e., the 
carbon in forms other than carljonates, and the nitrogen in 
forms other than those of ammonia, nitrites, or nitrates ; and hence 
that it affords a measure of the carbon and nitrogen present in the 
organic mattijr in a water. In this process the organic carbon is 
oxidised and obtained as carbon dioxide, and the organic nitrogen 
is liberated in the free gaseous state and measured. It is further 
claimed that the proportion of organic carbon to organic nitrogen 
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enables the analyst to judge as to whether the organic matter is of 
▼egekid)le or animal origin, since animal matters, as a rule, are richer 
in nitrogen than vegetable matters. But every one of these claims 
has been vehemently contested. 

2039 .— 18 the general opinion held regarding Fkankland’s 
process ? 

In the first place, although it is indubitable that when stable 
carbon compounds, such as quinine and suuar, are added to a water, 
the carbon in the latter and the carbon and nitrogen in the former 
can be determined by the Frankllanb combustion process with a 
reasonable amount of accuracy, it is by no means certain that the. 
minute quantities of carbon and nitrogen present in sewage can be 
determined with anything like the same amounl of precision ; and 
it is possible that, during the necessary evaporation to dryness of a 
large volume of water, unstable and readily decomposable bodies 
may undergo decomposition, and be lost so far as analysis is con- 
cerned. This criticism has never been satisfactorily refuted ; and 
although in a great majority of instances it may have no value, it is 
probable that in some instances it may have great force. As to the 
value of the assertion that a higher proportion of nitrogen to carbon 
is found in animal ,as compared with vegetable matter, the whole 
validity of the comparison oased on the ratios of these two elements 
present rests upon the assumption that the absolute amounts of 
carbon and nitrogen are both determined ; and, as has been already 
intimated, this has not been proved. It is remarkable, too, that in 
sea water the ratio of organic nitrogen to organic carbon is ver}'^ high 
indeed — an asserted characteristic of animal, and assuredly of 
deleterious organic matter. Yet it can scarcely be sujiposed that 
the organic matter in sea water is chiefly or entirely noxious 
animal matter, any more than the organic matter in river water 
unpolluted wnth sewage. Yet the Ph\nkland process would per se 
lead us to snpjiose that sea water is dangerously ])olluted with 
animal matter. Franklanu’s organic combustion pr()(‘e.SH is one which 
requires great care and exactitude in its execution. It cannot be 
entrusted to the hands of any but those accustomed to its working, 
and skilled in minute gas analysis. Hence it is scddom employed by 
the Medical Officer of Health. 

With reference to Frankland’s method, Sandkk says • “ Without 
a knowledge of the previous history of the water, the relative pro- 
portion (between carbon and nitrogen) is not available as a means 
of deciding as to the nature of the contamination ; if, however, the 
previous history of a water is known, there is scarcely need of so 
particular an analysis in order to judge of its character.” For this 
reason Frankland’s method has not been used to any extent in 
Germany or in England. 

[In general terms it is carried out in two stages which briefly 
are : — 1. For the nitrogen present in the form of ammonia and organic 
nitrogenous matter — first, destroy any nitrates or nitrites present by 
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means of sulphurous acid, and then evaporate a given amount of 
the water to dryness ; the total residue thus obtained is then heated 
with oxide of copper in a combustion tube, and the nitrogen and 00* 
collected in a graduated tube. The 00^ is absorbed by KOH leaving 
the nitrogen. 

2. For the nitrogen of the nitrites and nitrates, treat another 
part of the water with strong sulphuric acid, and collect the gases 
m a graduated tube near mercury ; the nitrogen comes off in the 
form of nitric oxide ; the volume of this is then halved for the 
amount of nitrogen.] 

204 : 0 . — Do ihc jiquros representing the amount of organic carbon 
and ouiygen consumed in the same specimen of water 
approach one another ^ 

Frequently they do in a very remarkable manner. Upon this 
Dr. FiiANKLAND statcs . — In the periodical examination of waters /roni. 
the same source, I have noticed a r(‘markable parallelism between the 
proportions of organic carbon and of oxygen abstracted from per- 
manganate of potash. Thus, for many years past, I have seen iu 
the monthly examination of the \iaters of the Thames and Lea sup- 
plied to London such a parallelism between the numbers given by 
Dr. Tini, expressing “oxygen consumed,” and those obtained by 
myself in th(‘ deteriiiination of “organic carbon.” 

2041 . — I17m/ 18 meant by the total inorganic nitrogen ? 

The “ total inorganic nitrogen ” is the sum of the amounts of 
nitrogen found in the three forms, nitrites, nitrates and ammonia, 
and IS to be regarded, after certain deductions have been made, as 
the nitrogen of animal matter which existed in the water at a pre- 
vious time. But as the inorganic nitrogen is liable to be reduced in 
q^uantity if it comes within the reach of the absorbent roots of plants 
the inferences to be drawn from this previous pollution are less 
exact than those based upon the evidence of present contamination. 
As a rule, however, a water which contains anything more than the 
merest trace of inorganic nitrogen must have been ])olluted by 
animal matter at some previous period, and this “ inorganic nitro- 
gen ” is a measure of the minimum amount of such contamination. 

2042 . — it important to know the nature of the organic matter 

present ? 

Yes ; it is very important to know whether the organic matter 
thus destroyed was of animal origin, and if so, whether the quantity 
was considerable. 

2043 . — How ia this information obtained according to Frank* 

LAND P 

The only item in water analysis which furnishes direct evidence 
on these heads is the “ total inorganic nitrogen.’* 

32 
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a044.-TfAa< are the objections to the ignition process as indi* 
cathig the amount of organic matter ? 

The loss on ignition included with other things than the organic 
matter as : — 

CO 2 from the CaCOg if HgOfrom a hydrated salt sUch as 
sulphate of lime which becomes anhydrous, and if acid 
from magnesium salts, if they happened to be present in 
the solid residue — in nitrates 

1204r5. — What 18 Frankland*s opinion regarding the result of the 
organic carbon and organic nitrogen process ^ 

That the extent of contamination of water by organic substances 
can be satisfactorily inferred from the carlmn and nitrogen con- 
tained in the organic matter. 

204:6 . — Does this process show accurately the total organic pol- 
lution 

No ; the present contamination is rarely the total organic pol- 
lution. 

2047. — Is the evidence afforded by the presence of inorganic nitro- 

gen of importance ^ 

It may or it may not be. Sometimes it becomes of the utpiost 
significance. “ Inorganic nitrogen” becomes at times of the utmost 
importance in dealing with these waters, for at times when they are 
most liable to suffer from contamination, the oxidising power of the 
Boil may be inadequate to destroy dangerous matters, and what has 
hitherto appeared as evidence of past contamination only may sud- 
denly assume the form of present or actual pollution. 

2048. — What amount of nitrogenous organic matter may he allowed 

in water ? 

There should be })ractically no nitrogenous organic matter in 
water, the limit of albuminoid ammonia being ‘035 of a grain to the 
gallon, and if there be much free ammonia, even this amount of 
albuminoid ammonia should be viewed with suspicion. [Animal 
matter should always be regarded as injurious to the quality of a 
water, especially if human excrement is the source of the animal 
matter. It is most important that all drinking water be free from 
decomposing organic matter. In such a state organic matter is 
invariably associated with micro-organisms, which when introduced 
into the body may give origin to such diseases as cholera and 
enteric fever. This is particularly liable to occur if the excrement of 
persons suffering from these diseases gains access to the water, and 
we know that there arc many ways in which this can occur, j* 


•AuTHOa^s Hygiene of Water and Water-Supply , 



199 


OHAF. XXIV.] ORGANIC ItATTBB IN WATBB. 

9MB.— What is the limit of organic carbon and organic nitrogen 
in spring and deep well water laid down by the Snver 
PolliUion Commissioners ? 

*1 of organi(i carbon. 

*013 of organic nitrogen. 

2050.<- What is the limit of** organic carbon ” and ** organic nitro^ 
gen" laid down by the Rivers Follittion Gommissionere 
in surface and river water ? 

Surface water and river water which contains in 100,000 parts 
more than *2 parts of organic carbon, or *03 parts of organic nitrogen, 
is not desirable for domestic supjily and ought to be rejected if 
possible. 

2061.-Tr/ia^ is the moist combustion process ? 

That of comjiletely (or almost completely) oxidising organic 
bodies by means of permanganates. 

2052. -Hoir is the ^mjist combiisfiott process conducted ? 

One litre of the water is jilaced in a retort. Before beginning to 
distil, 5 C.C. of the solution KOH are dropped into the water 
contained in the retort and the 5 C.C. of the solution of perman- 
ganate are very earefully measured and likewise dropped into the 
retort, which is then heated and its contents rapidly distilled until 
about 900 C.C. have distilled over. That having been done the 
heating is stopped and the observation is made that the liquid re- 
maining in the retort retain a pink colour. Then 10 C.C. of the 
solution of HjSO^ are dropped into the retort and in a few minutes 
the liquid will become quite colourless. That having been attained 
the solution of permanganate of potassium containccl in a graduated 
pejiette is carefully dropped into the liquid and the time is 
accurately noted at which th(‘ red colour just begins to be per- 
manent. 

20B3.— Whai data arc furnished by this operation f 

1 . The total number of C.C. of permanganate used up. 

2. The total number of (bC. of permanganate used up by the 
iron solution. 

The difference between these figures is the number of C.C. of 
permanganate consumed by the organic matter in one litre of water 
or the number of mgms. of active O consumed by the organic mat- 
ter ill one litre of the water. • 

If the standard solution of ])crmanganate be added to an acid 
solution containing permanganate of iron, a jioint will soon be 
reached at which the faint pink colour ceases to disappear on 
shaking tip the * solution, but 'after the lapse of a few minutes the 
pink colour gives place to a brownish precipitate. This last de- 
struction of permanganate is jirobably due to the formation of ferrio 
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ftoid, but it takes place only after the lapse of time and .the 
only consequence which results is that in permanganate the final 
readings must lie immediate and not after lapse of time. 

2054 . — What solutions are necessary for the moist combustion 

process ^ 

The solution of permanganates of iron — one C.O. absorbing 
1 mgm. of active oxygen, solution of carbonate of potash solution 
containing HaSO^. 

2055 . — What apparatus are needed ? 

One flask or retort, an arrangement for boiling, a litre measure, 
A 5 C.C. pepettc to discharge 5 .00., and a’5 C.O. ])cpeite graduated 
to 0*2 C.C. 

2056— ffo IV 18 this information obtained according to FraNk- 

LAND ? 

Tlie only item in water analysis which furnishes direct evidence 
on these heads is the “total inorganic nitrogen.” 

This second general method in an 3 'thing like common use is 
a method devised by Frankland and Armstrong ; it was used in the 
great number of examinations fuiblished in the Re])orts of the 
Rivers Pollution Commission of Great Britain The method con- 
sisted in evaporating a given quantity of the water, under carefully 
regulated conditions, and in submitting the residue to a ^irocess of 
organic analysis by which all the carbon i.s converted into carbonic 
acid and the nitrogen is liberated in the gaseous state. The mix- 
ture of nitrogen and carbonic acid is then analysed by processes 
of gas analysis. I'he results are stated in so many parts of “organic 
carbon” and so much “ organic nitrogen” in 100,000 parts of the 
water, and sometimes the two amounts together are spoken of as 
the amount of the organic “ elemciits ” 

Suppose one litre of the w^ater was jilaccd in the retort, and 
5 C.C. of the potash solution and 5 C.C. of the ])ermanganate solution 
were added. The distillation wa.s then continued till only a small 
bulk of liquid (100 C.C.) remained in the retort; 10 C.G. of the 
Bulphuirc acid was then added, and r> C.C. of iron solution, which 
rendered the liquid quite colourless. When the permanganate solu- 
tion was run in until a red colour just formed and did not vanish 
on shaking up : 3 7 C.C. being required for this purpose 

We have therefore : — 

C.C. 

Total permanganate used ... . 8*7 

Permanganate used by the 5 C.C. of iron solution 5*0 

Permanganate consumed by the organic matter in 
litre oF water . • . . • ,3*7 

Or, one litre of this sample consumes 3*70 milligrammes of 
oxygen. 
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St057. — What i* the degree of accuracy of Fkankland's and Asm.- 

strong’s method ? 

It is true that, if we have the amount of organic nitrogen and 
■ carbon, we come nearer to having the amount of organic matter 
than is jiossiblG by any other means ; but, as has been already said, 
it is, after all, not the amount, but the character, which is to be 
considerc'd. In this method of analysis, the character and probable 
origin are inferred from the relative proportion of carbon and 
nitrogen. Thus, in waters which were rendered impure by the pre- 
sence of extract of peat, the average amount of nitrogen was to the 
amount of carbon as 1 : 11 P, while the ])roportion in sewage was 
as 1 : 1 : 8. 

2068.~-TT/mI are the disadvav lodges of the comhustion processes ? 

Comhnstion processes involve costly and delicate apparatus, and a 
considerable degree of skill. 

2059. — How may we interpret the resnlfs of romhustion pro- 

cesses ^ 

The significant points are the absolute and relative amounts of 
organic carbon and organic nitrogen. The lower tht‘ projiortion of 
nitrogen to carbon, and the less the amount of each, the more favour- 
able is the verdict, other things being eipial. A low proportion of 
nitrogen to carbon, 1 to 8, indicates vegetable organic matter ; a 
high proportion such as 1 to 3 is pretty ceilam jiroof of animal 
pollution. A river or .surface water should not contain more than 
()’2 organic carbon or 0*03 organic nitrogen. ])er 1,00.000. In 
forming conclusions, due weight must be given to the other analytic 
data, esjiecially the determination ot chlorides and oxidised nitrogen 
and to the other evidence obtainable, such as the position and 
surroundings of the source of supply, the facilities for pollution, 
and the depth and geological characters of the strata from which it 
is derived. 

2060. — What data give ns fairly neenrate infonnation regarding 

the amount of o'>’ganir matter preseyit f 

From the amount of the total residue, tlie (luantity left after 
ignition, the amount of blackening produced, and the odour, a very 
fair opinion can be formed as to the amount of organic matter present, 
and whether it is of animal or vegetable origin. 

2061. — According to Frankland’s test what is the proportion of 0 

to N in sewerage f 

It is always less than 3 of carbon to 1 of nitrogen. 

2062. — Whad should he the proportion of C to N in wholesome 

water T 

These never should be less than 7 of carbon to 1 of nitrogen. 
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20ez — What is included in the temi “ total c^ombined nitro'^&n**'^ 

Total organic nitrogen and nitrogen, such as occurs in com- 
bination with nitrites, nitrates, and ammonia. 

206 ^. — What may he said as to the relation between the ratio of 

C to N in water as ascertained by Frankla^nd’s method ? 

That the lower the ratio of C to N the more dangerous is the 
quality of the waters, for example, 5 to 1 is far more serious than. 

2065 . — Ho^o else may the amount of organic matter in water he 

estimated quantitatively ? 

A rough (luantitative estimate is obtained ])y determining the 
combustible matter in the “total solid residue.” Fifty C.C. of 
sample water arc measured into a platinum dish of known weight (A). 
They are then evaporated to dryness over a water bath in the course 
of an hour or more, and the weight (B) of the dish and its now dry 
contents are ascertained, B— A is the weight of the total solid 
residue, that is, of the organic matter and mineral salts. The dish is 
next heated to redness, to burn off the organic matter, and weighed 
again (C) after cooling. The loss on ignition, that is B — C, will give 
the amount of organic matter in the volume of water taken. The 
proportion of organic matter per litre, or pei* gallon, is readily 
shown from these data. 

2066 . — Oiue an example of the working of this test ? 

50 C.C. : 1,000 C.C. : : b-c : x. 

Volume taken. a litre. mgrs. lost on ignition, 

it being the proportion of organic matter ex])resHed as parts per 
million, or milligrammes per litre. During ignition the organic 
matter turns brown, or even black, before disayipearing, and if of 
animal origin it gives ofE pungent fumes. 

2067 . — is Horsley’s test for oxidised nitrogen ^ 

Two C.C. of pure sulphuric acid are added to 1 C.C. of the w'ater, 
and then a drop of p^^rogallic acid solution. A pink or blue tint 
appears, changing to brown ; it disappears momentarily upon 
snaking, but soon returns. 

2068 . — How is the nature of the oxidisahle matter in water de- 

termined f 

The oxidisable matter in water consist of oxidisable organic 
matter, nitrites, ferrous salts, and hydrogen sulphide. The last can 
be easily recognised by the smell and got rid of by gently warming 
the water. Ferrous salts are rare, but if present they impart a 
distinct chalybeate taste to the water, if their amount reaches the 
fifth of a grain of iron per gallon (about O'J^arts per 100,000). 
Generally their presence may be disre^rded. Inere remains there* 
fore the oxidisable organic matter, and nitrous acid as nitrites. For 
determining these, the potassium permanganate is very convenient. 
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2069 . — la the diatinction between animal and vegetable organic 

matters in a water an easy matter ^ 

No ; it is often only made with great difficulty if at all. Gener- 
ally it may be said that when excess of organic matter in a water 
co-exists with excessive total solids chlorine and ammonia, the source 
of pollution in animal filth or sewage. When on the other hand exces- 
sive organic matter is not accompanied by excessive total solids, 
chlorine, and ammonia the source of pollution is probably vegetable ; 
and this diagnosis may bo confirmed by the results of physical 
examination of the water and by microscopic examination of the 
suspended matters and sediment. 

2070 . — What is the heat method of determining the organic purity 

of water ? 

The chemical world is now greatly divided m ojiinion as to the 
proper method of determining the jiurity of water, and chemists are 
generally ranged on two sides — one agreeing with Frankland and 
Armstrong in the process which they have devised, and the other 
preferring the process apjilied by Wanklyx, CifAPMAX, and on the 
ammonia process. 

In a recent discussion on this subject, it lias appeared 
that many of the jiractical chemists of the day ado})t the latter 
process, and also that they object to the mod(‘ adopted by Frank- 
land m ex])ressing the tpiantity of nitrogenous elements in water 
by the jihrase, ‘ previous sewage contamination,’ both as imply- 
ing that the nitrogenous material was necessarily derived from 
sewage and that nitrogenous material originally derived from 
sewage raa}' not have become harmless. 

2071 . — How does Fraxkiaxd determine the organic matter ^ 

As so much organic carbon and organic nitrogen. He detains 
the organic matter by destroying the molecules by the acid sulphate 
of soda, and evaporates it to dryness, burns the residue by means 
of oxide of co})]hu* and chromate of lead; the N and C ()2 are then 
calculated. 

2072 . — la the result obtained ns regards the quantity of inorganic 

nitrogen alvHtya correct ^ 

It is not, because the quantity of inorganic nitrogen” at the 
moment of analysis is often much less than that originally contained 
in the animal matters which have undergone oxidation. This is 
sometimes due to the reduction of nitrates and nitrites to elemen- 
tary nitrogen, by subsequent access of fresh organic matter to the 
water, and sometimes to the removal by aquatic plants. 

2073 . — What ia the ordinary teat for the presence of oxidiaahle 

organic matter ? 

1. Solution AuClj ten to one in water boiled for ten minutes 
gives a pink varying to purple and black. This tells us that there is 
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oxidisable matter, but not the nature of the matter. Four agents may 
respond to this test : (1) Oxidisable organic matter in any form ; (2) 

Ferrous salts (unlikely) HjS or alkaline sulphides, test for each sepa- 
rately ; (3) Nitrites and nitric acid (the most probable) ; we must test 
for these. This is not a quantitative but a qualitative test. 

2074 . — TF/wx-i is meant by the oxygen or Forchammer 'process ? 

This process, first suggested by Forchammer, depends upon the 

estimation of the amount of oxygen which a known volume of the 
water abstracts from a standard solution of permanganate of potash. 
With waters of a similar character the oxygen ])rocess furnishes a 
ready and fairly efficient means of comparing their relative organic 
purity, but ic is not trustworthy when waters of heterogeneous 
origin are submitted to it. 

The amount of oxi^gen abstracted” can be ascertained with 
great exactitude and little trouble. It is, however, essential to em- 
ploy an excess of permanganate, and to allow the action to go on for 
a considerable time. The amount of jiermanganate in exce.ss can be 
accurately determined by the employment of hyposnl]>hite of soda 
and the iodine and starch reai'tion, as recommended by Tidy. [The 
potassic permanganate cannot long muintain its full value, and must 
therefore be rc'-standardised at short intervals, whilst the sodic 
hyposulphite losefi strength so rapidly, that its value has to be 
re-determined h} a blank ex])criment for each set of analyses under- 
taken.] 

2075 . — T ) o (*8 this distingnish the different hinds of organic matter '' 

No : for recent sewage, nitrites, and ferrous salts, all 

reduce and discolour the ])ermanganat<* solution by removing the 0. 

2076~-What are the equivalents of the permanganate solution 
requited for the deferminatiou of oxidisable matter in 
boater, and tvhat are the other solutions required in the 
process ^ 

(a) Permanganate Solution. 

0'395 of potassium permanganate in 1 litre of water. 

100 C.C. are exactly decolorised by 100 C.C. of oxalic arid 
solution. 

1 C.C. of permanganate solution used with acid yields 0*10 
milligramme of oxygen. 

1 C.C. of permanganate solution used with alkaliyields 0*06 
milligramme of oxygen. 

1 C.C. of Jiermanganate solution exactly oxidises 0*2875 
mgrn. nitrous acid fNoOg). 

1 C.C. of permanganate solution exactly oxidises 0*2125 
mgm. hydrogen sulphide (HaS). 

1 C.C. of permanganate solution exactly oxidises 0*7000 
mgm. iron (Fe). 

1 C.C. of permanganate solution exactly oxidises 0*9000 
mgm. ferous oxide (FeOj. 
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(6) Potassium Iodide Solution. — A 10 per cent, solution of the 
pure potassium iodide, recry stallised from alcohol. 

(c) Dilute Sulphuric Acid. — One volume of pure sulphuric acid is 

mixed with three volumes of distilled water, and permanga- 
nate solution drop])od m until the whole retains a very faint 
i)ink tint after warming to 80° F. for four hours. 

(d) Sodium. Hyposulphite, — One gramme of crystallised sodium 

hyposulphite dissolved in 1 litre of water. 

(e) Starch Solution. — One gramme of starchto lie intimately 

mixed with } litre of distilled water, the whole hoiled brisk- 
ly for five minutes, filtered, and allowed to settle. 

2O77.-H0 vy is the standard, volumetric solution for the oxygen 
process prepared ? 

Standard volumetric for oxygen ]iroeess ; 805 grms. of potas- 
sic permanganate is dissolved in a litre of water. Each C.C. con- 
tains ‘0001 grms. of available oxygen. 

2078 . — What reagents are essentially required for the oxygen 
process ^ 

A solution of potassium ])ermanganate is required, w'hich in 
presence of an acid is capable of yielding 0*1 milligramme of oxy- 
gen for each C.C. 

2079 . ^How is the test conducted ^ 

Take a convenient (]iiantity of the water to ho examined, say 
250 C.(h ; add 8 C.C. of sulphuric acid ; dro]) in the permanganate 
solution from a burette until a ])ink colour is established ; warm the 
water up to 140° Fahr. (00° C.\ dropping in more permanganate if 
the colour disa}»})oars ; when the temjieratnre reaches 140° Fahr. 
remove the lam]) ; continue to dro]) in permanganate until the colour 
is permanent for about ten minutes. Then read oft* the number of 
C.C. used, multiply 0*1 to get the milligrammes of oxygen, and by 4 
to get the amount ])er litre. 

2080 . — Give an example of the vjorking of this test ^ 

Suppose 250 C.C. of water, with 8 C.C. of sulphuric acid, re- 
quired 8*5 C.C. of permanganate to give a permanent colour ; 
3 5 X OT X 4 = 1*4 milligrammes of oxygen ])er litre re(|uircd for 
total oxidisable matter, 1*4 x 01=:0*14 per 100,000. 

It must be remembered that this includes both organic matter 
and nitrous acid. We must now differentiate these. 

2081 . — How may we estimate the organic oxidisahle matter in 

terms of oxygen required for its oxidation ? 

Take 250 C.C. of water to be examined ; add 3 C.C. of sulphuric 
acid as above ; boil the water briskly for twenty minutes ; allow it to 
cool down to 140° Fahr. (d0° C.) ; then add the permanganate until 
a pink colour is established for ten minutes. Calculate the oxygen 
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as above, stating the result as milligrammes per litre required lor- 
oxidisable organic matter, or, shortly, as organic oxygen.* 

2082 . — From this result how may the amount of oxygen con* 

sumed per litre be determined ? 

As a quarter of a litre of the sample was taken for each analysis, 
four times this result will give the “ oxygen consumed in milli- 
grammes per litre — that is, in parts per million. 

2083 . — What reagents are required for the ordinary quantitative 

test for the total oxidisahlP matter in terms of oxygen 
required for its oxidation ? 

A solution of potassium permanganate is required, which in 
presence of an acid is capable of yielding 001 centigramme of 
oxygen for each C.C. 

2084 . — How is the test carried out ^ 

Take a convenient quantity of the water to be examined, say 250 
C.C., and 3 C.C. of sulphuric acid ; drop in the permanganate solu- 
tion from aburette until a pink colour is established, warm the 
water up to 140^ F. (60° C.), dropping in more permanganate if the 
colour disappears ; when the tem]ierature reaches 140° F. remove the 
lamp, continue to drop in permanganate until the colour is perma- 
nent for about ten minutes. Then read off the number of C.C. used 
and multiply by 0*04 to get the amount per 100,000. 

2085 . — Explain the reaction occurrinej. 

The reaction occurring is that the permanganat(.‘ of potassium 
give up oxygen on the addition of the sulphuric acid reducing it to a 
permanganate of potassium, and forming sulphate of ])otaRsium. 

2086 . — Give the formula representing the reaction. 

2KMnO^ + 3 H 2 S 0 ^ = 2MnSO^+ K,SO* X 3 H 3 O -f 50. 

2087 . — Suppose no acid teas addedf trhat would be the reaction ? 

Only three atoms of oxygen would lie set free from the 
potassium permanganate ; thus, 

2KMnO^ -f H 3 O = MnO, 2KOH x O^. 

2088 . -1FW is the reaction occurring on the addition of the suh 

phuric acid and permanganate of potassium to the water ? 

2(KMiiOj -f 3(HaSOJ = K.SO* + 2(MnSOJ 4- 3(H,Oy 
X O3. 

2089 — What reaction occurs if the permanganate only is added iO' 
the water ? 

2(KMnO J 4 - H,0 = 2(MnO,) 4* 2(KHO) 4- Oj. 


• Parkks' Practical Hygisne^ 7th Ed. 
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11090 . — Why therefore is the acid, added ? 

To increase the volume of oxygen set free —one molecule more 
being evolved on the addition of the acid. 

2091 * — Ilow much O is represented in the permanganate solution ? 

Each C.C. represents 0001 gramme of oxygen of which one 
atom oxidises one molecule of NO^ and NOj. 

20B2,— What is the most convenient and practicable method of 
determining the oxidisable organic matter in ivater ^ 

The permanganate process is the only one that is practicable for 
medical officers, that gives us any measure of the oxidisable organic 
matter in water, and is, in the j)resentstate of our knowledge in- 
dispensable, iniperfect though its indication may be. It is certainly 
an aid to our judgment of the c-ondition of a drinking water, being 
to Frankland’s canbon process something the same as the albumi- 
noid ammonia method is to his nitrogen one. Fhankland has fully 
acknowledged tliis relation in his latest work, and has proposed a 
series of factors by which to multiply the oxygen absorbed, so as to 
ex])reHS the result in terms of organic carbon. These factors are 
based on the observed relations between the two processes in a very 
large number of ex])eriments, and are formed by dividing the 
average carbon b}' the a^(‘rage oxygon. The factors differ for 
different kinds of water in the following proportions : — 

C 

Kiver water, = 2 88 

Deep-well water, „ = 5*80 

Shallow- well water, „ = 2*28 

Upland surface water, „ = l'8b 

so that 1 centigramme of oxygen absorbc'd indicat(‘s a probable 
amount of only T8 of organic carbon in an upland surface water, 
but as much as 5*8 in a deep-well water.* 

2093 . — What precautions are necessary in the permanganate 
processes ^ 

The sulphuric acid and jiermanganate must be added to 
the water from th(^ very commencement, in order not to lose 
nitrous acid, which may be driven off as the water is being heated. 
The faintest tinge of colour that can be distinctly seen ought to be 
accepted, provided it remains for ten minutes. Care must be taken 
to aad the sulphuric acid in every case at the beginning ; if this is 
not done a brown colour is struck which spoils the experiment. 
Sometimes this colour appears, even after acid is added, and is then 
probably due to excess of organic matter ; dilution with distilled 
water sometimes remedies this. 


• Parkes* Practical Hygiene, 7th Ed. 



S08 WATKK. [tAET I, 

3094 . — What ahould he the limit of oxygen aheorbed in a ghod 
water ? 

This ought not to exceed about 0*0250 per 100,000 for organic 
matter alone, — that is, after deducting any that may be absorbed by 
nitrous acid if present. ^Chis latter, however, should not be 
present in a water of the first class. The experiment to be done 
with permanganate and acid at a temperature of 140^ Fahr. 
(60° C.). 

2095 ,— maf is the method recom'tnended hy the Society of Public 
Analysts for determini ny the amount of oxygen required 
to ox'idise organic matter ^ 

Two separate' determinations are made — the amount of oxygen 
absorbed during fifteen minutes, and that absorbed during four 
hours ; both being made at a temperature of 80°F. (26°F. C.). 
These are made in 12 oz. stoppered bottles. Put 250 C.C. of the 
water into each of two of the bottles ; stop])er and immerse in a 
water bath until the temjierature reaches 80° F. Now add to the 
water "^O C.C. of dilute suljdiuric acid (1 — 2), and 10 C.C. of a solu- 
tion of permanganate of potassium (0*‘195 gramme per litre). 

Fifteen minutes after th(' addition of th(‘ pei*manganate, one of 
the bottles is remo^’6d from the batli, 2 or d drops of a solution of 
the iodide of potas.sium is added. The (piantity used will represent 
the quantity of theosul])hate solution equivalent to 0‘00395 gramme 
permanganate, or *001 of available oxygi'ii. 

Tlie calculation of the ri'sults is as follows : — 

Let X = number of C.Cs of theosuljdiate used in the distilled 
water. 

y = number of C.Cs. of theo.sulj)hate used in the water under 
examination. 

Then if 10 C.C. of the permanganate solution were used 

X Y -4- 0*2 * 

= grains of oxygen required to oxidise organic 

A 

matter in one gallon of the water. 

If 20 C.C. of permanganate were used, 2 X must be substituted 
for X in the above equation, if 30 C.C, substitute 3 X, and so on, in 
making the calculation.* 

Let a « number of C.C, theosulphate required in blank experi- 
ment. C. 10 C.C. jiermanganate. 

b = number of C.C. theosuljdiate used in titration of the water. 

Then 2 » grains of oxygen }>er gallon required to 

a 

oxidise organic matter. 


• JTonnml of Chem. Soc. Trans. VoL XXXV, 1879, p. 46, quoted in Feank* 
land’s Water AnalysvSf 6th Ed 



CHAP« XXIV.] ORGANIC MATTER IN WATER. 509 ' 

3096 . — Name a iiarticular circumstance under which the “ oxygen 
consumed*' is of value. 

In differentiating between water contaminated by sewage and 
ammoniacal deep spring water. 

2097 — What is the object o/ Tidy’s process ^ 

The object is to determine the amount of oxygen absorbed in 
1 hour and 3 hours, respectively. 

2098 . — TT/ioi prcmatioa is to he always adopted ? 

As the hyposulphate solutionis liable to change, it is necessary 
to perform a blank test with distilled water every time. 

2099 . — What reagents are needed for Tidy’s modification of 

, Forciiammkr’s Fermanganate process for determination 

of ost-ygen regaired to oxidise organic matter ? 

This process is carried out in various ways. The following is 
the method as advised by Dr. Tid\, who has specially investigated 
the process 

The following solutions are required (for the quantities given 
by Dr. Tid\ lu grains and septerns are substituted grammes and 
cubic centimetres) — 

1. Dilute sulphuric acid : 1 jiart of pure sulpliuric acid with 
3 parts of distilled water. 

2. Solution of permanganate of ])otassium ()'286 gramme per 
litre, 10 C.C. = '7 14 milligramme of available oxygen. 

3. Solution of iodide of potassium, free from lodate : 1 part in 
10 parts of water. 

4. Theosulpliate of sodium (hyposulphite) : 0'77 gramme in a 
litre of distilled water. 

5. Starch solution, carefully jire-parcd : about 1-| gramme in 
100 C.C. of water. 

2100. — What precatUion is necessary in this test ^ 

To see that the KI is pure, and that it does not contain any 
of the lodate. 

2101 . — Hon; is Tin^ *s process carried out ^ 

Four flasks are employed, two of which contain 250 C.C. of 
sample water, while the other two contain 250 C.C. of distilled 
water for the control experiments. To each flask are added 10 C.G. 
of permanganate solution (A), and 10 C.C. of dilute sulphuric acid 
(E). If the water is very bad, the pink colour due to the perman- 
ganate may soon entirely disa])pear, and m this event a second and 
even a third 10 C.C. of permanganate must be added, so as always 
to have a pink tinge throughout the experiment. At the end of an 
hour one of the samples and one of the control .flasks are tested to 
ascertain how much uudecomposed pormanganate remains to be 
deducted from the total used. For this purpose 2 C.C. of iodide 
solution (C) are added, and the remaining peimanganate imme- 
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diately acts upon it, liberating a proportionate amount of fi*ee iodine. 
The iodine is measured with precision by dropping in the standard 
hyposulphite solution until no more free iodine remains, the exact 
point of disappearance of the last trace of iodine being ascertained 
by adding 2 C.C. of starch solution (D) near the end of the process, 
And noting disappearance of the blue iodide of starch. 

2102 . — Hoiv does permmiganate of potash art in this reaction ? 

The H 4 SO 4 reduces it to a manganese sulphate and potassium 
sulphate, thus, 

^-3H,So^-2Mn8o^+K*SO^+3H,0-h60. 

If no acid were added the leaction would be : 

> 2 H, 0 =: 2 Mii 02 -f 2 KOH-fOj, ' 

Therefore without the aid of the acid we only get 3 instead of 5 
atoms of oxygen. 

2103 . — Hotc do ive interpret the results of the oxygeyi process ^ 

Not only organic matter, but also nitrites, ferrous salts, or 
sulphuretted hydrogen will reduce permanganates, andthese latter, 
if present, must be removed or allowed for. No distinction is made 
between nitrogenous and non-nitrogenous organic matter. In 
London waters the* organic matter is said to be about eight times 
the “ oxygen consumed.” It seems that putrescent matters, nota» 
bly urine and other animal matter, are readily oxidised by perman- 
ganate, so that while the three hours’ experiment gives informa- 
tion as to the total amount of organic matter, the one hour reaction 
is important as indicating the proportion of putrescent and, there- 
fore, presumably dangerous impurities. Sometimes four hours are 
-allowed instead of three, and quarter or half an hour instead of one 
hour. Peaty waters consume much oxygen. 

As in all other modes of estimating the organic matter in 
water, the results of the oxyg«m })rocesh must be considered together, 
with the other analytic data and the source of the water. In a 
■general way, Tidy classifies waters as of great organic purity if the 
oxygen consumed does not exceed 0 5 ])art per million, of medium 
purity if not exceeding 1'5 part of doubtful purity up to 2*0 parts, 
and as impure, if the oxygen consumed exceeds 2*0 parts per million. 
Upland surface waters, however, <the organic matters being less 
likely to be harmful) are judged by a more lenient standard, the 
degrees of which are double those given above, namely, 10 , 8 * 0 , and ■ 
4*0, in place of 0 5, 1*5, and 2 0 . 

i,^It has been stated that there is a definite relation between the 
absolute weight of different organic matters and the oxygen 
they abstract from KMnO^, can this dictum be home out ? 

It cannot. Fkankland says : This assumption has been conolu* 
sively proved to be entirely fallacious, for it has been exporiment- 
Ally demonstrated by operating upon known quantities of or^anie 
•eaDstances dissolvea in water, that there is no relation either 
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•betv^een the absolute or relative weight of different organic matters 
and the oxygen which such matters abstract ^rom permanganate of 
potash. 

2105 . — What are the ways in which permanganate solution may he 

used in testing water ^ 

1. For roughly indicating the amount of organic matter present 
by the time in which change of colour is produced. 

2. In combination with alkalies as alkali permanganate solu- 
tion, in the albuminoid ammonia ])rocess of Wanklyn and Chapman. 

3. In the presence of sulphuric acid in which the amount of 
organic matter is expressed as the amount of oxygen required to 
oxidize it. 

2106 . — Give the late Dr. Tidy’s conclusion as to the respective merits 

of the various processes for the determination of organic 
matter in water. 

1. As regards the ammonia process, an absolute or nearly 
absolute freedom from albuminoid ammonia is for the most part an 
indication of organic purity. Nevertheless, many waters which are 
yery impure give a trace only of albuminoid ammonia, whilst some 
which are very pure give large quantities of albuminoid ammonia. 
Its results, thereiore, are marked by singular inconstancy. 

2. That the ammonia jirocess allows of no sufficiently large 
scale whereby the finer grades of purity or impurity can be recog- 
nised and classified. The errors arising from many causes — such 
as, amongst others, the ammonia present in the permanganate solu- 
tion itself, the difference in time required by different organic 
bodies for their com])h‘te destruction, the chances of the organic 
nitrogen becoming oxidised, the constant multiplication of errors of 
observation resulting from collecting several distillates in which the 
ammonia is to be severally determined, and which errors are again 
doubled in order to convert results into parts per million — form an 
array of difficulties likely to lead to serious errors, seeing that the 
range (viz., from 0'05 or OT part per million) between the waters of 
extraordinary organic purity and dirty waters is comparatively 
small. 

, 3. That, as regards the combustion process, the necessity for 
evaporating the water to dryness constitutes a difficulty, the 
chances being that some of the organic matter, and possibly that 
subtle form of organic matter specially active in producing disease 
—•the very organic matter, in fact, the detection of which the 
sanitarian expects from the chemist — may be either mechanically 
carried off, or volatilised, or oxidised, or even destroyed under the 
peculiar conditions of the evaporation. 

^ 4. That, barring this objection, the estimation of the organic 
carbon in the water residue is trustworthy, repeated experiments 
with the same water yielding constant results. 
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5. That the estimation of the organic nitrogen is by no means 
so constant, the possibility of the nitrate not being completely re* 
duced, especially when present in quantity ; of impurities in the snl* 
phurous acid solution ; of occluded nitrogen in the metallic copper; 
and, lastl}', the necessary error of experiment, constituting a series 
of difficulties which must somewhat impair the nitrogen determina- 
tion. 

6. Under such circumstances, the process can scarcely be con- 
sidered to yield absolutely trustworthy evidence (unless the organic 
nitrogen be he 3 "ond a certain quantity) on which to found an opinion 
as to the probable source of the organic matter in the water. 

7. As regards the oxygen jirocess, he claims for it that it is 
conducted on the original water and without the application 
of heat. Hence we avoid the evils botli of gain and of loss arising 
from, and incident to, the evaporation of the water to dr^mess at 
high tem})eratures. Moreover, the anal}"si.s can be conducted with 
the smallest jiossible amount of handling, or of jiouring the water 
from vessel to vessel. 

8. That the jirocess gives results of great constancy' and of 
extreme delicacy. The\' admit, moreover, of a veiy wide scale in 
their classificatiou., 

9. That the oxygen proc'ess allows us to drtiw a sharp distinc- 
tion between the jmtrescent or readily oxidisable organic matter, 
which is the more hkcly, tonso Dr. Fkanklanu’s term, to be * perni- 
cious,' and the non -jmtrescent or less roadil^r oxidisable matter, which 
is probably harmless so far as its action on the human bod^- is con- 
cerned. 

10. That the general inorganic constituents of the water have 
no action on potassic permanganate. 

11. The inorganic constituents most likely to be jiresent in a 
water that would interfere witli the estimation of the organic 
matter by potassic permanganate are nitrites, metallic protoxides 
(especially ferrous .salts), and sulphuretted hydrogen, all of which are 
certain to be detected in the course of a jirojier and complete water 
analysis, and corrections made accordingly. 

12. That in the oxygen process the onl}" modifying circum- 
stances are those which would render the oxygen required by the 
water excessive, and that therefore, although we might bo led to 
report unfavourably on a harmless water, the results obtained 
would never lead us to report favourably on a bad water. 

13. That whilst he does not consider that the oxygen process 
can be employed with scientific precision as a direct quantitative 
test of the total organic impurity of a water, nevertheless the results 
afforded by it indicate with sufficient pi'ccision the comparative 
quantity present likely to be injurious to nealth. 

14. That the results obtained by the oxygen process must at all 
times be controlled by the natural history, as well as by the general, 
chemical, and physical examination of the water. 
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15. That, 80 far as the three processes — the combustion pro- 
cess, the ammonia process, and the oxygen process — are concerned, 
the oxygen and the combustion processes give closely concordant 
results, whilst the results yielded by the ammonia process are often 
at direct variance with both. Various arbitrary standards have 
been laid down defining the amounts of organic matter, as measured 
by one or other of its elementary constituents, permissible in drinking 
water. All are more or less unsatisfactory ; for it is the kind rather 
than the amount of organic matter that renders this injurious. 

All recent advances in medicine point to the presence of organ- 
ised organic matter, or possibly definite chemical bodies, the pro- 
ducts of changes evoked by organisms, as the potent factors in pro- 
ducing those diseases referable to the use of polluted water. 

Hence standards having reference to the quality rather than the 
•quantity of organic matter present in waters are desirable ; but no 
such satisfactory standards have been hitherto devised. 

[There are, however, the three modes of detecting, or rather 
gauging, the quantity of organic matter present m a water already 
described ; and these, by the aid of other data often available, 
•enable the practitioner in public health to arrive at a satisfactory 
conclusion as to the potability or the probable noxious character of a 
water. 

These methods are the organic comhuation proceaa of Dr. 
Fbankland, the Wanklyn process, and the permanganate process, 
respectively, and are commonly known by the names of those 
chemists, the permanganate process being often referred to as 
Dr. Tidy’s, he having improved upon the older permanganate pro- 
cesses previously used.] 

The assessment of the values to be attached to each of the deter- 
minations of a water analysis, and the whole determinations collec- 
tively, is a subject on which the greatest diversity of opinion has 
■existed among chemists, and which still exists to some extent. 

Tt is chiefly over the determinations of organic matter, and the 
•detei*minations, such as the amount of oxygen ahaorhed from per- 
manganate, which serve as indexes to the amount of organic 
matter, though not directly serving as measures of this, that the 
battle of water analysis has raged most furiously ; but most, perhaps, 
of all as to relative values of the figures obtained by the Fkankland 
combustion and the Wanklyn albuminoid ammonia processes. 

A water must be judged — so far as it can be judged by analy- 
sis alone — by the whole results of the analysis and not by one 
constituent, be it organic nitrogen or albuminoid ammonia alone.* 

Dr. Stevenson deprecates the attempt made by the late Mr. 
WiGNER and by other members of the Society of Public Analysts 
(Vol. Ill) to attach a numerical value to the amount of each 

• A Tretvtiae ofi Hmitne and Public IJtaith, by Drs. Stbvsnson and 
JlUREET. Article ^fCraied Waiter ^ by Dr. F.Stktbnbok. 

S3 
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of one of the important constituents, such as total solids, hard- 
ness, chlorine, ammonia, etc., and then to assess the impurity of a 
water by a summation of those numbers, e.g,, saying that the impu- 
rity of a water is 20, 10, 17, etc., as the case may be. 

2107, --What is considered to he a rough test for recent sewage 
conta'iU illation ^ 

The “rapid” decoloration of a solution of permanganate of 
potash. The water is first to be acidulated. The test should be 
conducted at a temperature of 140° F. 

\_N. B. — This in realty shows the presence of much fresh organic 
matter, most likely of sewage origin. It should be remembered, now- 
eyer, that the same reaction is given by HgS, ferrous salts, and 
nitrous acid (nitrites) in water, the presence or absence of which 
should be determined and allowed for.j 

210B.— What is the nature of the organic sewage gases which may 
gain access to neater 'f 

The nature of organic vapours is not exactly known, and 
their properties have not yet been ascertained. They arise from the 
decomjiosition of sewage organic matter, the composition of sewer 
vapour being f)rinci]ially various undefined carbo-amnioniacal com- 
pounds having the 9 dour of putrid animal matter. 

2102.— What is the most dangerous imjmrities of water ? 

Of the hurtful sub.stances the suspended animal, and especially 
faecal matters, are jirobabl}’ the worst. At least, it is remarkalde how 
frequently, both in outbreaks of diarrha'a and typhoid fever, the 
reports notice turbidity, discoloration, and smell of the water. It is 
this fact which makes the examination of colour and turbidity im- 
portant. The thoroughly dis.solved organic matters appear less 
hurtful ; at least there is some evidence that ])crfcctly clear waters, 
though containing much matter dissipatiid liy heat, and consisting of 
dissolved organic matter or its derivatives, are often taken without 
injury. Probabl}’, also, the more recent the faecal contamination, the 
more injurious, since the most poisonous attacks on record have 
been in cases of wells into which, after slow percolation for some 
time, a sudden gush of sewage water has taken place. 

211 O * — Of animal impurities in water upon what does the degree 
of danger depend ? 

Upon the equality and nature of the animal matter rather than 
upon the qjiantit} % 

So far as chemical analysis can show, the whole of the animal 
matter may have been oxidised and converted into mineral and innocu* 
ous compounds at the time the analysis is made ; there is, however, 
always a risk lest some jiortion (not detectable by chemical or micro- 
scopical analysis) of the noxious constituents of the original animal 
matters should have escaped that decomposition which has resolved 
the remainder into innoxious mineral compounds. But this evidence of 
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previous coutaininatioii implies much more risk when it occurs in 
water from rivers and shallow wells than when it is met with in the 
water of deep wells or of deep-seated springs. In the case of river 
water there is great probability that the morbific matter, sometimes 
present in animal excreta, will be carried rapidly down the stream, 
escape decomposition, and produce disease in those persons who 
drint the water ; as the organic matter of sewage undergoes decom- 
position very slowly when it is present in running water. In the 
case of shallow well water also, the decomposition and oxidation 
of the organic matter are liable to be incomplete during the rapid 
passage of polluted surface water into shallow wells. 

2111 . — If sewage contamination is suspected, what other inveatiga^ 

tion should he carried out ^ 

A qualitative examination should be made for phosphates. 

2112 . — Diacuas the subject of the danger of decaying organic matter 

in drinking water. 

With reference to the danger from the presence of decaying 
organic matter in the drinking water, we must distinguish between 
the organic matters from different sources. First in importance, no 
doubt, is excremental matter from human sources. The evidence 
seems very strong that the dejections of persons who are sick with 
certain jiarticular diseases may communicate the disease to others if 
they are taken into the stomach. I do not know that there is any 
proof that fresh sewage from healthy })ersons, when largely diluted, 
is injurious if drunk. We know that fish sometimes gather about 
the mouths of sewers, and seem to thrive ; we know, however, that 
decomposing sewage drives away the fish and, with our present light 
we can hardly fail to believe that decomposing excremental matter, 
even if it contain no specific organic poison, is detrimental to 
health when taken into the stomachs of human beings. 

Next in importance to excremental matter is animal refuse, such 
as forms the waste from slaughter-houses, wool-pulling establish- 
ments, tanneries, etc. In the case of such substances, we have less 
conclusive evidence of direct effect upon health than m the case of 
excremental matter; and yet the suspicions against them are so 
strong that all possible means should be taken to keep them out of 
the sources of drinking water. 

Last in order of importance is matter which is purely of 
vegetable origin. It is felt that such substances, in their 
decay, may contaminate the surrounding air so as to be a 
source of injury to health, and it would certainly be undesirable to 
have any considerable amount present in a drinking water. It is 
difficult to see why the products of the decay of allVegetable matters 
should be innocuous, if the products of the decay of animal matters 
are injurious ; and, in any case of contamination, animiil and vege- 
table substances are associated together and it is impossible to dis- 
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tinguish, with absolute certainty, differences in their action or to aay 
to which of them ill effects are to be ascribed. 

2113 . — How may vegetable organic matter be distinguished fi*om 
animal in water ? 

Vegetable organic matter may often be recognised by the 
slowness with which the albuminoid ammonia comes over, by the 
absence or small amount of chlorides and of free ammonia, and by 
microscopic examination of the sediment or knowledge of the source 
o£ the supply. Animal pollution is indicated if the albuminoid 
ammonia comes over rapioly, or if the chlorides or oxidised nitrogen 
are abundant. Pollution by absorption of effluvia, or by the presence 
df putrefying masses in the water would, however, be unaccompanied 
by any excess of chlorides. 

Animal matter may be recognised (as a rule) by its being asso- 
ciated with a large amount of total solids. Cl and NHj, and (also 
by the various microscopical and physical methods employed in 
water examination. 

A water entirely free from organic matter is very rare, 
although some classes of waters are much more liable than others to 
be cha)*ged with it. . 

211 ^— are the pathogemc effects of enumations from 
streams pollutm by fcecal matter. 


Evidence as to disease from this cause is conflicting, due to the 
varying dilution of faecal matter, and to the presence or absence of 
tides, smce on the going out of the tide, masses of decaying matter 
would be left on the banks ; the same danger is caused when sewage 
is washed back by the sea, or when rivers dry up considerably in 
hot weather. Where such conditions obtain the general health of 
the people living near must suffer, and should there be present 
germs of any specific disease, as enteric fever, that disease may be 
developed. 

2115 .— What waters are least liable id animal contamination ? 

What is the relation of C to H in them ? 

Upland surface waters are least liable to animal contamination. 
Collected from bare uncultivated districts, the organic matter con- 
tained in them is almost entirely vegetable, and usually peat. The 
ratio of carbon to nitrogen is always high, the average being 10 : 1. The 
extremes are, however, very wide, from 4 : 1 to 21 : 1. This is owing 
to the more rapid loss of carbon than of nitrogen suffered by peaty 
matter during oxidation, and hence the proportion of carbon to nitro- 
gen is lower in the water of lakes than in that of mountain streams 
which feed them, whilst in a change from low water to flood, the 
ratio of carbon to nitrogen in a mountain stream will often mount 
from the minimum to tl^ maximum of the scale. 
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TTto course should be adopted in the case of krin^in^ water 
if polluted by animal or other deleterious impurities f 

Any water which gives indications of having become contami- ' 
nated with animal or other impurities, and which has hitherto been 
good and wholesome, should be entirely disused until the source of 
contamination has been ascertained and removed. 

2117. - is the nature of the organic matters held in solution 

by water 

It consists of soluble animal and vegetable matters which have 
gained access to the water, and of the products of their decomposi- 
tion. Little is known of their chemical composition, the variety and 
complexity of the components being so great as to defy analysis. 

2118. — What degree of pollution in river and other waters wordd 

cause you to consider them unusable ? 

(a.) This question may be answered by giving Prof. Fiiai^k- 
land’s limitation of impurities ot effluent water, which is: — 

Every liquid which has not been submitted to precipitation pro- 
duced by a jierfect repose in reservoirs of sufficient dimensions during 
at least 6 hours ; or while having been submitted to precijiitation, 
contains in suspension more than one part by weight of dry organic 
matter in 100,000 parts of liquid ; or which not having been submitted 
to precipitation contains in suspension more than 3 parts by weight 
of dry mineral matter, or 1 part by weight of dry organic matter in 
100,000 parts of liquid. 

(b.) Every liquid containing in solution more than 2 parts by 
weight of organic carbon or 3 parts of organic nitrogen in 100, OOO 
parts of liquid. 

(c.) Every liquid which wheni»laced in a white porcelain vessel 
to a depth of 1 inch, exhibits under daylight a distinct colour. 

(d,) Every liquid which contains in solution in every 100,000 
parts by weight more than 2 parts of any metal, except calcium, 
magnesium, potassium, and sodium. 

(e.) Every liquid which in every 100,000 parts by weight, con- 
tains in solution, suspension, chemical combination, or otherwise more 
than *5 of metallic arsenic. 

(f.) Every liquid which after the addition of H 2 SO 4 contains in 
every 100,000 parts by weight more than 1 part of chlorine. 

(g.) Every liquid which 111 every 100,000 parts by weight contain 
mor© than 1 ])art of sulphur, in the state of H^S or of a soluble, 
sulphuret. 

(h.) Every liquid having an alkalinity greater than that pro> 
duced by adding 1 part by weight of KOH to 1,000 parts of distil- 
led water. 

(i.) Every liquid having an acidity superior to that produced by 
adding 2 parts by weight of HCl to 1,000 parts of distilled water. 
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(j,) Every liquid exhibiting on its surface a film of petroledm 
or hydrocarbon, or containing in suspension in 1 00,000 parts, more 
than ’5 of such oils. To complete this answer vide also table given 
at p. 392. 

2119 « — With reference to the diinger from the presence of decaying 
organic matter in the drinlcing water, what distinction 
u it important to recognise ^ 

The different sources of ‘that organic matter. The evidence 
seems very strong that the dejections of persons who arc sick with 
certain particular diseases may communicate the disease to others 
if they are taken into the stomach. We do not know that there is any 
proof that fresh sewage from healthy persons when largely diluted 
IS injurious if drunk. We know that fish sometimes gather about 
the mouths of sewers and seem to thrive ; we know, however, that 
decomposing sewage drives away the fish, and with our present light 
we can hardly fail to believe that decomposing excremental matter 
even if it contain no specific organic poisoTi. is detrimental to health 
when taken into the stomachs of human beings. 

With a few exceptions, the waters which hold in solution a 
notable proportion of organic matters putrefy rapidly, and acquire 
injurious properties. It has been proved that diarrhoea, dysentery, 
and other acute or chronic diseases, have been determined endemi- 
cally by the long continued use of the water of ponds, marshes, or 
wells containing excessive proportions of altered organic matters, 
either in suspension or in dissolution. The investigations of some 
English pathologists into the effects of certain well w'aters upon the 
health of the population using them, more than confirm the theoreti- 
cal opinion thus expressed by the French chemists from whom we 
have quoted. 

Leaving out of consideration the question whether animal organic 
matter in suspension or in solution is the more injurious to health, 
it would appear that it is the quality rather than the quantity which 
determines the danger. 

With the views which are at jiresent held wdth reference to the 
danger from the pollution of lakes and streams by sewage and other 
refuse substances, the most important part of the sanitary examina- 
tion of such sources of supply is the inspection of the locality from 
which the water is to be taken and of the surroundings. 

Pollution of water with vegetable matters may be recognised 
by the vegetable cellular tissue, fungi and moulds, algm, diatoms, 
desmids and confervae. [Amongst the decaying vegetable matter 
other living forms will be found in abundance on microscopic 
examination. Thus living organisms, including bacteria, amoebas, 
englenae infusoria (vorticellse, paramaecia, coleps, stentor, oxytricha), 
anguillulae, or water worms, rotifera or wheel animalcules, entmo- 
straca (daphnia pulex (water flea) and cyclops quadricornis), amphi- 
poda isopada and tardigrada (water bears), the larvae of the water 
gnat and the pupa forms of other insects, besides many others.] 
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2120 . — What may he considered reasonably safe wafer ? 

Water, although it exhibits previous sewage or animal contami- 
nation, may be regarded as reasonably safe when it is derived either 
from deep wells (say 100 feet deep) or from deep-seated springs, pro- 
vided that surface water be carefully excluded from the well or spring 
and that the proportion of previous contamination do not exceed the 
limits laid down in No. 1617, page 392. 

2121 . — Should we condemn water containing much organic matter ? 

Yes, we would at least be on the safe side in doing so. Water 

containing much organic matter should never be used for 
drinking jmrposes without previous boiling ; especially is this the 
case when there is an epidemic or cholera or enteric fever in the town 
or district. By boiling the water, we reduce to a minimum the pos- 
sibility of infection. It not only destroys the organic impurities, but 
also causes a jirecipitation of much of the dissolved mineral matter.* 

2122 . — In regard to the organic matter what facU help ua in 

determining its nature ? 

A brief history of the .specimen and its source ; its depth, whence 
taken (if a well), geological relations, and distance of nearest sewer 
or drain. 

2123 . — TYto is the relative impunity or organic and saline impuri- 

ties of water ^ 

The organic imjmrities are by far the most important constitu- 
'ents of Avater, as they are the most powerful in ])roducing disease. 
The saline bodies, when in excess, are not without their injurious 
effects, but a\ hen found they are more or less constant and unvary- 
ing, can be determined with accuracy, and the diseases they bring 
about can be readily and with certainty connected Avith tliem. Dead 
organic matter may giA C rise to diarrhtna, dysentery, malarial fevers, 
etc., but liAung organic matter in the form of s})ecitic micro-organisms 
may bring about specific diseases, such as<iholera and enteric fever.* 

2124k.— Whf it effect on the gases of icater have organic matters ? 

The O is decreased, the CO 2 is increased. Avhilst the N is un- 
affected. 

2125 . — What general conclusion may he arrived at after consider- 
ing the various tests for organic matter ^ 

Tliat no Avater should he judged by the quantity of any one or 
two constituents AAdiich it may contain, but that the composition of a 
water as a whole should be taken into consideration in passing judg- 
ment upon its presumable safety when used as a drinking water, 
and its admissibility as a source of domestic supply. To rely upon 


* From the Author’s Hygiene of Water and Water-Supplies, 
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organic carbon, or albuminoid ammonia, or ammonia, or oxygen 
(from permanganate) consumed, may lead to tbe rejection of a good, 
pr to the adoption of a bad water. 

2126 . — How does Da. Frankland classify waters ? 

According to their organic purity as follows : — Class i, Upland 
surface waters ; water of great organic purity, containing a proper* 
*tion of organic elements (organic carbon and organic nitrogen) not 
exceeding 0*2 part in 100, parts of water; Class ii. Water of 
medium purity, containing from 0*2 to 0*4 part of organic elements 
in 100,000 ; Class iii, Water of doubtful purity, containing from 0*4 
to 0*6 part of .organic elements in 100,000 ; Class iv, Impure water, 
(Containing more than 0*6‘ part of organic elements in 100,000. 

2127 . — What is the admissible limit of the various kinds of impu- 

rity in a first class water ? 

A standard as to the admissible limit of the various constituents 
of a first class water can only be general and arbitrary. A first class 
water may at times contain more of the agents given, but as a rule 
the amounts laid down should not be exceeded. W ith reference to 
such a standard we would state that only slight traces of the follow- 
ing substances arc Admissible in a water of first quality : — Nitric 
and nitrous acids and ammonia salts, metallic salts, organic matter, 
alkaline sulphides and suljihuretted hydrogen. It is extremely rare 
to find all or these substances absent, yet any thing beyond a trace 
should be looked upon with suspicion. The admissible limit* of other 
agents is as follows : — 

Chlorine, under 2 grains to the gallon. 

Ammonia, „ 3 or 4 „ „ 

Total solids, „ 8 „ „ 

Volatile „ 1 „ „ 

Free ammonia under *0014. 

Albuminoid „ *0056. 

Oxygen for oxidi»able organic matter, 0*35. 

Fixed hardness under 2®. 

2128 . — Hoiv does Dr. Franklanu classify waters as regards 
their usability ^ 

Reasonably safe waters. — Water, although it exhibits previous 
sewage or animal contamination, may be regarded as reasonably 
eafe when it is derived either from deep wells (say 100 feet deep) or 
from deep-seated springs, provided that surface water be carefully 
excluded from the well or spring and that the proportion of previous 
(sewage) contamination do not exceed 10,000 parts in 100,001) parts 
pf water, i.e., the inorganic nitrogen. 

* Such limitations as these are arbitrary and can only be used as a 
general guide and not as hard and fast quantities of constituents. 



.CHAPir XXXV.] OEGANIC MATTER IN WATER. 501 

S^Jtspiciom or doubtful water i/s : — {1) shallow well, river, or flow- 
iug water which ©idiibits any proportion, however small, of pre^-ious 
sewage or animal contamination; and, (2) deep- well or spring 
water containing from 10,000 to 20,000 parts of previous (sewag^ 
contamination in 100,000 parts of water, i.e., 0'968 to 1*92 part in- 
organic nitrogen per 100,000, or 0*678 to 1*344 grains per gallon. 

Dangerous water is (1) shallow well, river, or flowing water 
which exliibits more than 20,000 parts of previous animal con- 
tamination in 100,000; (2) shallow well, river, or flowing water con- 
taining less than 20,000 parts of previous (sewage) contamination 
in 100,000 parts, but which is known, from an actual inspection of 
the well, river, or stream, to receive sewage, either discharged into 
it directly, or mingling with it as surface drainage ; (3) as the risk 
attending the use of all previously contaminated water increases in 
direct proportion to the amount of such contamination, the water 
of deep wells or deep-seated springs exhibiting more than 20,000 
parts of previous contamination in- 100,000 must be regarded as 
dangerous. Eiver or running water should only be j)laced in the 
second class ]irovisionally, pending an inspection of the banks of 
the river and tributaries, which inspection will obviously transfer it 
either to the class of reasonably safe water if the previous con- 
tamination be derived exclusively from spring water, or to the class of 
dangerous water if any part of the previous ccntaminationbe traced 
to the direct admission of sewage or excrementitious matters. 

2120 . ^What amount of organic matter as expressed in the variotes 
a'nalytical results, is permissible in ivater ^ 

The loss on ignition should not exceed 2 or 3 grains jier gallon 
of water, and the fumes evolved dui'ing ignition should have no 
animal odour. The evolution of ruddy acid vapours indicates excess 
of nitrites. Albuminoid ammonia should not exceed 0*01 grain per 
gallon (0*15 per million) except in the case of peaty waters, when the 
albuminoid ammonia is evolved slowly. Ammonia (so-called ‘ free ’ 
ammonia) ought not to exceed 0*002 grain per gallon, except in the 
case of an artesian well-water. If the oxygon consumed in the 
permanganate process exceeds 0*2 grain, or at most 0*25 grain per 
gallon, the })urity of the water is ojieii to grave suspicion. Organic 
carbon should not exceed 0*3 grain per gallon, nor organic nitrogeti 
exceed 0*03 grain per gallon ; and whenever the ratio of organic 
C to N is less than 5 to 1, the water is open to suspicion. 

8130 . — How does Frankland classify wafers other than upland 
stirface water ^ 

Class 1.— -Water of great organic purity, containing a pro- 
portion of organic elements not exceeding 0*1 pai*t in 100,000. 

Class II. — Water of medium purity, containing from 0*1 to 0*2 
part of organic elements in 100,000. 

Class III.— Water of doubtful purity, containing from 0*2 to 0*4 
part of organic elements in 100, 0(K). 
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Class IV. — Impure ^ water, containing upwards of 0*4 part of 
'Organic elements in 100,000. Nitrogen does not exceed 0*968 part per 
lw,000, or 0*678 grain per gallon. 

2131. — Is the land drainage from a highly mannred soil impure ? 

It usually yields a very impure water. The carbonic acid 

formed during the decomposition of organic matters, whether 
animal or vegetable, greatly increases the solvent action of these 
waters upon calcareous matter. 

2132. — Hoio may we distinguish between animal and vegetable 

organic ynatter in a water ? 

The distinction between animal and vegetable organic matters 
in a water is often only made witli difficulty, if at all. Generally it 
may be said, that when excess of organic matter in a water co-exists 
with excessive total solids, chlorine, and ammonia, the source of 
pollution is animal filth or sewage. When, on the other hand, 
excessive organic is not accompanied by excessive total solids, 
chlorine, and ammonia, the source of })ollution is probably vegetable ; 
and this diagnosis may be confirmed by the results of physical 
examination of the water, and by microscopic examination of the 
suspended matters and sediment. 

2133. — What is ^he use of a scale of organic purity of a water 

in interpreting the oxygen process or allied analyses f 

In the inteqiretation of the results obtained, either by the 
Forc HAMMER or combustion process, the adoption of a scale of 
organic purity is often useful to the analyst, although a classification 
according to such a scale may require to be modified by consider- 
ations derived from the other analytical data. It is, indeed, neces- 
sary to have a separate and more liberal scale for upland surface 
water, the organic matter of which is usually of a very innocent 
nature and derived from source.s precluding its infection liy zymotic 
poisons. 

2134. — TF/m/ is the aluminium process for the determination of 

oxidised nitrogen f 

For this we require a solution of NaOH absolutely nitrogen 
free (that is without nitrates), and aluminium free. Two grammes of 
sodium arc dissolved in 100 C.C. distilled water so as to obtain a pure 
solution of caustic soda free from nitrates ; 100 C.C. of sample water 
are added and a piece of aluminium foil Tn the course of a few 
hours all the oxidised nitrogen is converted into ammonia, which is 
distilled off and Nesslerised. Each mgr. of ammonia, after deduct- 
ing the free ammonia originally present in the sample, corresponds 
to 0*82 mgr. of oxidised nitrogen in the 100 C.C. of sample. 

2135. — is tfie zinc-copper process for the determination of 

oxidised nitrogen f 

Zinc foil is coated with copper by exposure to a solution of 
cupric sulphate until it becomes black. It is then put into a bottle 
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with 250 C.C. of the sample water and 0*5 grm. oxalic acid, and left 
for twenty-four hours. 

2136 . — Bo the methods of estimating the amount of organic matters 

in a water give accurate results f 

No ; they at least only give approximate results ; they are not 
capable of determining the total amount of such matters in a water. 
This is a great drawback as the results of one process though perfectly 
comparable in themselves cannot be compared with the results of 
another process. There are three processes usually resorted to by 
water analysts, (a) the albuminoid ammonia process (Wanklyn’s), (b) 
the permanganate process, (c) the organic carbon and organic nitro- 
gen process (Frankland’s). 

2137 . — Discuss the question of 'pollution from animal refuse apart 

from human excrement. 

Animal refuse, such as forms the waste from slaughter-houses, 
wool-pulling establishments, tanneries, etc., may pollute water apart 
from human excreta. In the case of such substances, we have less 
conclusive evidence of direct effect upon health than in the case of 
excremental matter ; and yet the suspicions against them are so 
strong that all possible means should be taken to keep them out of 
the sources of drinking water. 

2138 . — Discuss the question of contact by vegetable matters. 

It is felt that such substances, in their decay, may contaminate 
the surrounding air so as to be a source of injury to health, and it 
would certainly be undesirable to have any considerable amount 
present in a drinking water. It is difficult to se(‘ why the products 
of the decay of all vegetable matters should be innocuous, if the 
products of the decay of animal matters are injurious , and in any 
case of contamination, animal and vegetable substances are associ- 
ated together, and it is impossible to distinguish with absolute cer- 
tainty, differences in their action, or to say to which of them ill 
effects are to be ascribed. 

Formerly the loss on ignition was looked upon as an important 
item in the analysis as showing the amount of organic matter in the 
water. It is in reality valueless. 

2139.1 — What are the standard quantities of total organic elements 

oxygen required, and albuminoid amm^onia m allowable, 

DOUBTFUL, and IMPURE WATERS. 

In upland surface waters they are : — 

Allowable. Doubtful. Impure. 
Total organic elements . to *4 ‘4 to *6 over *6 

Oxygen required . . . to *3 ‘3 to *4 „ *4 

Albuminoid ammonia . . to *015 *015 to *025 „ *025. 

And in all other Avaters they are : — 

Total organic elements . . to *2 *2 to *4 over *4 

Oxygen required . . . to *15 *15 to *2 „ *2 

Albuminoid ammonia* . . to *010 *010 to *015 „ *015 
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214i0.'^€'an ihe arbitrary standards of purity of different classes oj 
water hear scientific criticism ? 

They cannot. Prof. Mallet concludes that there are no 
sound grounds on which to establish such general standards of purity 
as have been proposed, looking to exact amounts of organic oarbon 
or nitrogen. Albuminoid ammonia, oxygen of permanganate con- 
sumed, etc., as permissible or not. Distinctions orawn by the appli* 
cation of such standards ai^ arbitrary and may be misleading. 

Whilst this is perfectly true, considered from the standpoint of 
scientific precision, it does not sufficiently take into account the value 
of probabilities in these matters, considered as motives to action. It 
is perfectly true that there can be no fixed standard that a water 
which the chemist would report as relatively pure might be much 
more apt to produce disease than one which he would pronounce 
impure, but it is, nevertheless, true that from the results of chemical 
analysis taken in connection with evidence as to the source and his- 
tory of the water an opinion can be formed as to the danger from its 
use which is sufficiently reliable to be acted upon in the absence of 
positive evidence, such as the production of disease. 

In many cases the water must be doubtful and Prof. Mallet 
truly says, that it will not do in all such cases to forbid the use 
of the water, for it 6ften happens that this should not be done unless 
it is absolutely necessary, but there are many other cases in which 
there is very little doubt, and where action should be governed by 
the ])robabilities. 


CHAPTER XXV. 

Examination of Water — continued. 


Nitrates and Nitrites. 

2141. — What analyses are romlucted in the estimation of oxidis- 

able organic matter and jiroducts of organic oxidation ? 
Analyses which express their results : — 

(a) In terms of oxygen required for totnl oxidisahle matter, 
[h) In terms of oxygen required for organic maiier on\y . 

(c) Nitrous acid. 

(d) Nitric acid. 

The statement of results is usually given in grains per gallon, or 
in parts in 100,000 ; or it may be given in grammes per litre. 

2142. — are the principles involved in the various quaniu 

iative tests for nitric and nitrous acids ? 

The nitric and nitrous acids of the salts may (1) be decomposed 
into nitric oxide, and thei;j' amount determined by the quantity of 
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«vdlved gas ; or (2) they may, by the action of nascent hydrogen, be 
converted into their equivalent of ammonia, and estimated as such ; 
or (8) the nitrates may be estimated volumetrically by the bleaching 
•effect of free nitric acid on indigo. 

2X^3 . — Are the results of examinations for acids and acid radicals 
always expressed in the same vmy ^ 

They are not, — the method of stating the results varies, as in 
the case of nitrous acid, some reckoning as HNO^, some as NaOj, 
and others as The last is the best, as it corresponds to Cl. In 

the same way NO 3 is to be preferred for nitric acid, SO4 for the 
sulphuric acid, and PO4 for phosphoric acid. 

21^.^When can an analyst form an unfavourable opinion of 
water from an estimate of the nitrates ? 

Whether or not the analyst should form an unfavourable opinion 
•of the water from the amount of nitrates, must depend upon the 
proportion of organic matter actually present, and on his confidence 
in the efficiency and uniform action of the purifying process. 

2146.— is the process of nitrification ? 

One by which nitrogenous organic matter in water or in the 
soil is oxidised, with formation of nitrates, is due in great measure 
to the action of microbes or by contact with oxidisable matter, yield- 
ing nitrogen or even ammonia. 

2146. — TT/iaf is the effect of the nitrifying process ? 

It renders the nitrogenous matters harmless and fitted for the 
needs of growing plants, which absorb and utilise the nitrates. 

2147. — What is the term used in representing oil these changes ? 

Nitrification. 

2148. — To what is the process due ^ 

Most authorities agree that it is due to the influence of vege- 
table micro-organisms, and recently two ])articular forms of mi- 
crobes have been identified in relation to this process. 

Under the influence of these minute vegetable organisms, 
bacteria, the process of oxidation goes on in different soils at different 
rates, according to the alkalinity of the soil, amount of moisture, etc. 

[The nitrates once formed may be reduced to ammoniacal com- 
pounds, or even free nitrogen, so that they alone cannot quantita- 
tively indicate the degree or pollution. Fkankland lays great force 
on these salts indicating previous sewage contamination. Many 
oxcellent chemists disagree with him in this respect.] 

2149. — are the diffe^'ent stages in the oxidising process of the 

nitrogenous organic matter ^ 

Starting from fresh sewage material there is 

(la) Organic nitrogenous matter which when partially 
G^diaed produces 
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(6) albuminoid ammonia. Still later in the process of 5xi- 
dation we have 

(c) fully or ready-formed ammonia — free ammonia, NHj. 

Following this we have 

(d) nitrous acid and nitrites ; and as a final stage in 

oxidation we have 

(c) nitric acid as nitrate. 

2150 . — la the nitrification of animal matter more rapid in theaoi^ 
that in running water ? 

It is ; nitrates are formed very slowly in rivers and streams, 
animal organic matter being oxidised much more slowly in running 
than in percolating water. They are not formed in waters deficient 
in dissolved oxygen ; and are, if already present, reduced by the 
addition of more organic matter. Thus they are not usually found 
in sewage. \ 

2161 .— TF/iai are the different forma of combination in which 
nitrogen may he found in water ^ 

In any form beginning from actual sewage matter to the fully 
oxidised products in the form of nitrates — as sewage itself contain- 
ing nitrogenous organic matter when exposed to oxygen, especially 
in the soil, gradually oxidises. 

2152 . — J re nitrates alone injurious ^ 

No ; they are practically harmless. 

2153 . — On ivhat grounds are waters containing nitrates con- 

demned ? 

Because nitrates as a rule have sewage as their origin. 

2154 . — Tr/io-/ is the importance of nitrates in water ? 

When water comes into contact with decaying animal and vege- 
table matters, then carbon, as we have already said, is oxidised to 
carbonic acid gas, and their nitrogen is oxidised to nitrates, which 
are dissolved in the w'ater. When this oxidation of organic matter 
is incomplete in wells, tanks, etc., the water is impure and may be 
very dangerous to use. Partial oxidation results in the production 
of nitrites. The presence of nitrites in water is always looked upon 
with suspicion. They arc usually contained in water that is suffi- 
ciently aerated. When water is undergoing proper aeration, the 
nitrogen evolved out of organic matter i.s oxidised into nitrates, and 
the nitrates into ammonia, with very little formation of nitrites. 

Nitrates in any water are always suspicious ; but their import 
varies with the circumstances under which they occur. A minute 
(juantity of ammonium nitrate is present in nearly all waters; and the 
water of deep springs, which is, as a rule, perfectly free from sewage, 
may he highly charged with nitrates. Again, if in water contam- 
iiig nitrates, any vegetable growths are present, the nitrates will 
speedily disappear, having become assimilated by the plants. The 
absence of nitrates is therefore no proof of the absence of sewage 
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(Wanklyn). Nitrates represent a completely oxidised condition of 
the nitrogenous mq.tter of sewage. Sewage in an unoxidised condi- 
tion might possibly therefore contain only a trace of nitrates. 

Almost all waters contain a certain amount of either nitrate of 
sodium (cubic nitre), or nitrate of potassium (saltpetre), or nitrate of 
lime (calcareous nitre). Nitre is an oxidised product of decomposed 
dead animal and vegetable matter. In the quantities in which it is 
usually found, it is not onl}' not harmful, but jirobably beneficial to 
man and animals using the water, and it forms part of the food of 
all plants, the juices of which iiivariably contain some of it. 

Many excellent waters have ]>een condemned as unwholesome 
on account of the nitrates contained in them, although it cannot be 
too strongly insisted upon that the nitrates afford no data of any 
value in judging of the organic quality of a water. 

2155. — Whcitdoes tJte existence of nitrates or nitrites in water j^int 
to? 

The presence of nitrates or nitrites in a water is evidence that 
there has been ])reviou.s contamination w ith albuminioiis matter of 
some kind, and that such matter has been so far oxidised. They do not 
indicate, how^ever, that the whole of tlie oxidation of the nitrogenous 
impurities has taken place, and on this account their presence should 
always be regarded wdth suspicion, especially in a water at all likely 
to be contaminated w'ith sewage. 

Nitrites are often jiresent wdien not injuriously so , it is an indi- 
cation of prevdous (not recent) contamination, and Dr. Fr\nkland 
says of “original scwvage,” we do not condemn water with nitrates 
only, but if abundantly present wdth chlorine in addition, it is al- 
most certainly contaminated nitrates , alone nitrates do not matter 
much. 

Prof. pAiiKKs’ states : — Tlie significance of these nitric and 
nitrous acids in nitrates and nitrites is very important. Nitric 
acid is the ultimate stage of oxidation of nitrogenous organic matter 
and when present in water it is almost always the result of previous 
jiollution, either of the water itself or of the strata through wdiich it 
flow^s. It gives us no information, however, as to the exact time 
when the pollution took jilace. In some samples from deep wells it 
is evident that the jiollution must have been very ancient. It has 
been distinctly show'll by Sculoesixg and Munrz and by K. Waking- 
ton that nitrification is a ferementative process, excited and carried 
on through the agency of a minute organism, just as ordinary fer- 
mentation IS carried on through the medium of torula. Nitrous 
acid indicates the presence of organic matter undergoing change : it 
is either a stage in the direct oxidation of such matter, progressive 
or airested, or a retrogression from nitric acid in consequence of the 
latter having yielded up a jiart of its oxygen, lu this way nitrous 
acid might retrograde still further and become converted again into 
ammonia, or be dissipated as nitrogen. Nitrous acid is a much more 
important substance than niti’ic, as indicating present danger, and a 
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very email amount of it is suflScient to remove a water into the aus- 
picious class. It is rare to find any of the higher forms of life in a 
water rich in nitrites, although bacteria may be found. Pure water 
ought to be quite free from nitrites, and ought to show only traces 
almost of nitrates, — the limit being about 0*032 per 100,000 of nitric 
acid,— representing of combined nitrogen 0*014 per 100,000. The 
total combined nitrogen (including that in the free ammonia) would 
be 0*016 per 100,000 ; whilst the total nitrogen (including that in the 
albuminoid ammonia) woidd be 0*023 per 100,000. TThe presence of 
nitrites is suspicious : the marked presence of nitrates ought to bo a 
ground for careful inquiry. In some soils, especially sands and 
gravels and in ferruginous soils, the process of nitrification goes on 
extremely rapidly, and the existence of impurity may escape notice 
if the examination for nitric acid be omitted* 

^ISS.^Hygienically in what light do ice look upon nitrates and 
nitrites ? 

That these are the oxidised residues of organic matters possibly 
derived from an animal sonrce (sewage). Their determination is 
therefore a point of the greatest importance, for they indicate either 
a pollution of the water at some remote period with possibly danger- 
ous ingredients, or the contamination of the water at the present 
time with partially or completely purified sewage. Tliey are found 
often in considerable quantities in deep well or spring waters, and in 
this case merely indicate the complete purification which the water 
has undergone in its passage from the surface to the subterranean 
reservoirs. In the case of shallow well waters nitrates and nitrites 
if found in association with excess of chlorine and ammonia, indicate 
soakage of sewage or animal refuse into the well, more or less puri- 
fied by its passage through the intervening layers of earth. At any 
time, however, the purifying power of the filtering earth may be 
-exceeded or overcome, anci then the liquid filth may j)ass into the well 
with its dangerous ingredients unchanged and unpurified. Nitrates 
and nitrites are not present in raw sewage ; but they are found in 
polluted streams and water-courses where a certain amount of oxida- 
tion is always in progress and in the effluent subsoil waters from 
manured or sewaged land. They exist as nitrates and nitrites of 
lime, soda, potash, etc. 

2157 .— J re nitrates and nitrites present in fresh human emcre^ 
ment ? 

Nitrates and nitrites are not present in raw sewage or fresh 
human excreta ; but they are found in polluted streams and water- 
courses, where a certain amount of oxidation is always in process, 
and in the effluent subsoil waters from manured or sewaged land. 
They exist a« nitrates and nitrites of lime, soda, potash, etc. 
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2168 .— the whole then does the eatimation of the nitrates 
alone afford mash trustworthy informatioa as to the 
quality of the tvatev ? 

It does not, for the presence of abundance of nitrates does not 
necessarily show defilement by means of sewage, and deficiency of 
nitrates does not show absence of defilement. 

2159 . — What do nitrates indicate ^ 

As a rule they point to long anterior animal contamination, but 
under certain circumstance, where, for instance, the contamination is 
ih surface soil containing multitudes of the nitrifying organism, the 
production of nitrates may be comparatively speedy. 

What have recent experiments shown with regard to the 
indications of the presence of nitrates ? 

Dr. FiiANKLA-M) maintains that nitrates indicate previous in the 
sense of remote contamination, but Dr Ashh\ and Mr. Helmer have 
shown that such pollution may be very recent when bacterial agency 
is active. The more advanced the putrefaction of the organic 
matter, the more easily is it oxidised or converted into ammonia, 
and some authorities think the more injurious , but actually living 
organisms will naturally be the most refractory, and at the same 
time may yield but a very small amount of nitrogen or ammonia, 
although highly dangerous if specific. Shortly, a mere trace 
of albuminoid ammonia derived from enteric or cholera stools 
teeming with bacteria may be more dangerous than a hundred times 
tlie weight of healthy faeces, or other animal or vegetable matter. 

2161 . — IS the orig in of nitrates and nitrites in waters ? 

Nitrates and nitrites, peril a] >s in every proportion, but certainly 

in any (Quantity beyond a trace, must bo derived from animal or 
vegetable matters, and so far excites a suspicion of their injurious 
qualities. If water shows a marked (piaiitity of nitrous acid it is 
bad, for it can only occur from active decomposition. [If there be a 
preponderance of nitrates with little reaction to Condy’s fluid, 
there has probably been old sewage pollution. If there be nitrites, 
ammonia, etc., and there be well-marked action on Condy’s fluid, 
it marks recent pollution with sewage. 

2162 . — In what form are the nitrates usually found ? 

As nitrates of potassium (KNO3), of sodium (NaNOg), of potas- 
sium (KNO3), calcium (Ca (N03)a). 

2163 . -18 it of ten necessary to differentiate between the nitrates 

and nitrites ^ 

It is not ; in fact, it is very rarely necessary to distinguish 
between nitrites and nitrates in water. If, however, the ‘‘ Oxygen ” or 
‘‘FoRCHAMMER ” process is employed to estimate the organic })()llution, 
it is desirable to have a delicate moans of testing for and estimating 
traces of nitrites. One part of sodic nitrite deoxidises about twenty 
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times as much potassic permanganate as an equal quantity urea^ 
oreatin, or starch. The practice, sugges^ied by the late Dr. Tidy, of 
considering the permanganate reduced by a sample of water within 
three minutes to be due to nitrites, is not satisfactory ; for a sample of 
sewage free from nitrites reduced in that time as much perman- 
ganate as Thames water did in three hours. 

2X6^ — What are the various tests for the presence of nitrites oY 
nitrous acid ? 

[All the prec eding tests are for nitrates and nitrites alike. The 
following apjdy to nitrites only : — ] 

1. The water is acidulated by sulphuric acid and a few drops 
of sulphanilic acid solution are added. Ten minutes later a few 
drops of naphthylamine hydrochlorate solution are stirred in the 
water, and a rose tint, changing to orange, will appear if nitrites are 
present to the extent of 10 parts per million. 

2. One dro]) each of phenol and sulphanilic acid solution, and 
then ammonia, will give a yellow colour. 

3. The addition of starch solution, ])otassic iodide solution, 
and dilute sulphu,ric acid causes a blue tint, due to liberation of 
iodine by nitrous acid and consequent formation of iodide of starch. 

4. Meta-phenylenc diamine solution with dilute sulphuric acid 
(a few drops of each) will give a red colour. 

2165. — What is the simplest test for nitrous acid ? 

That by the action of iodine on starch. If any is present by 
adding KI solution the H 3 SO 4 sets free the iodine which is shown 
by the blue with starch. We make it acid first by HaSO^^, to sepa- 
rate the nitrous acid from its base. 

2166 --What are the three steps in this test ? 

(rc-) Add H, SO 4 sets free acid from base. 

( 6 ) Add Kl, iodine sets free the nitrous acid. 

(c) Add solution of starch it is turned blue. 

2167 . — How may the quantitative estimation of the nitrites fcr 

rapidly carried out ? 

By means of solutions of meta-jphenyleiie diamine and sulphuric 
acid, producing a red colonr, which is to be compared with a 
standard as in the Nessler jirocess (Gjuess), or they may be deter- 
mined by the permanganate process. 

2168. — Describe the napihylamine test ? 

The water is first treated with sulphuric acid, acidified, and a 
solution of hydrochloric acid or sulphate of iiapthylamino added. 
A minute trace of nitrite strikes a pale pink ; if much nitrite be 
present there is a ruby colour produced and the solution becomes 
turbid from the separation of colouring matter. 
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8X604 — What is the simplest test for nitrates ? 

Make a mixture of 1 part of potassium iodide, some of starch 
paste, and about 500 parts of boiling water acidulated with a little 
acetic acid. Add a little of the mixture, which should be quite 
clear, to the water ; a blue tint indicates nitrites. If the colour is 
at all deep, the water is scarcely safe to drink. 

2170,- What is the best test for the presence of nitrites ? 

That known as Griess’, as modified by Wanklyn and Ohapmaat 
and others, and called the meta-phenylene diamine test. 

2X71 . — Is this a delicate test for nitrites ^ 

Yes, for besides being easy of execution, it is a test of excessive 
delicacy, being capable or detecting one part of nitrous acid in 
thirty million parts of water. 

2172.-‘0f what does it consist ^ 

The method consists in the observatiou of the depth of colour 
developed in 100 C.O. of the water under examination on the addition 
of 1 C.C. of a solution of meta-phenylene diamine and one of dilute 
sulphuric acid ; a comparative observation being made on a standard 
solution of sodic nitrite, as in the estimation of ammonia by the 
Nessler test. 

2X73. — What is the o'idy reliable test for the estimation of nitrites? 

Griess’ process, as elaborated by various analysts, is the only 
trustworthy one for estimating nitrites. 

2X74. — What solutions are required for the estimation of nitrites 
by Griess’ method ? 

The solutions required are: — (1) meta-phenylcne diamine,— 
5 grams, in a litre of water, made acid with sulphuric acid ; decolorise 
if necessary with animal charcoal ; (2) dilute sulphuric acid, one part 
to two of distilled water ; and (3) a solution of pure potassic nitrite, 
prepared from silver nitrite and potassic chloride, — strength *01 mil- 
ligram NO 2 , or nitrous anhydride per cubic centimetre. To 
prepare this last solution, dissolve 0*106 gram, of jiure and dry silver 
nitrite in hot water, and decompose it with a slight excess of pure 
potassic or sodic chloride until no more argentic chloride is 
thrown down. After cooling, make up the solution to one litre^ 
allow the chloride of silver to settle, dilute each 100 C.C. of the clear 
supernatant liquid again to one litre. This solution should be kept 
in closely stoppered bottles quite full. 

2X75 . — What apparatus is required for Griess* _process ? 

1. Four narrow cylinders of colourless glass, in which 100 C.C. 
of water should rise to a height of 16 to 18 C., and which must bo 
marked with a diamond at this point. 

2. A graduated burette or pepette for the dilute sulphuric acid> 
and another for the solution of meta-phenylene diamine. 
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2176. — Wltat is the best direct method for determining nitrous acid 
and how is it carried out t 

That of GrRiESs’. It is carried out as follows ; — A solution 
of meta-phenylene diamine is prepared, and also a dilute sul* 
phnric acid, consisting of one volume of strong acid to two 
of water. One C.C. of qach solution is added to 100 C.C. of the 
water to be examined, which is put in a Nessler glass : a red colour 
is produced. Another glass is placed alongside, and into it are put 
as much of a standard solution of potassium nitrite as may be neces- 
sary, making up the bulk to 100 C.C. with distilled water ; then add 
1 C.C each of the sulphuric acid and tlie meta-phenylene diamine. 
The remainder of the process is carried on much in the same way 
as ordinary N esslerising for ammonia. Care must be taken that 
the water originally taken is not too strong, so if the red colour be 
too deep, smaller portions diluted up to 100 C.C. must be taken, 
until the faintest tint distinctly recognisable is obtained. The 
standard potassium nitrite, should be of the strength 1 C.C. = 0*01 
milligramme of NO 3 , or nitrogen tetroxide. The number of C.C. 
used gives the milligrammes of NO^ present in the sample of water. 

Trie above is now accepted as the most accurate method of 
determining nitrites, but some care is required, — for both the 
water and the colouring solution must be either colourless or be 
decolorised. It may not be always possilile to get the reagents, and 
then it is best to fall back upon tne determination of nitrous acid by 
the permanganate process. 

2177 * — Give an example of the method of carrying out the calcu- 
IcUions involved in this test. 

Suppose a sample of water containing a good deal of nitrous 
acid was taken, and 25 C.C., made up to 100 C.C. w'ith pure distilled 
water, were put in a Nessler glass. 1 C.C. of the sulphuric acid and 
1 C.C. of the solution of meta-phenylene diamine added : a distinct red 
colour was obtained. Into another Nessler glass 7*5 C.Cs. of the 
standard potassium nitrite were put, made up to 100 C.C. with 
distilled water, and the same shade of tint obtained with the solutions 
as above. 

Mgra. 

7*5 X *01 = 0*075 NO, in 25 O.Cs. 

0*075 X 4 = 0*300 NO, in 100 C.Cs. 

This equals 0*3 in 10,000 or 0*21 in 1 gallon ; multiplying any 
of these results by 0*304 gives the amount of nitrogen (N), that 
being the factor obtained from its atomic weight. 

217e.~TF7ia^ is the meta-phenylene diamine test ? 

The solution is made by dissolving 5 grms. of meta-phenylene 
diamine in 100 O.C. of water and slightly acidifying with sulphuric 
acid. A C.C. of the reagent added to 50 C.C. of water strikes a pale 
yellow to a deep orange red, according to the quantity of nitrite 
present. 
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21L79. — Describe what is known as IMeldola’s test. 

Meldola’s test is a solution of para-amido-benzene-azo-dimethy- 
aniline in water acidified with, hydrochloric acid (strength about 
•02 per cent.). The reagent is added to the water to be tested, the 
whole acidified with sulphuric acid, warmed for 15 minutes on the 
water bath, and then alkalised with ammonia. If nitrites are 
present, the liquid becomes salmon-coloured when acid ; and when, 
alkalised with ammonia green with small quantities, and blue with 
large quantities of nitrite. 

2180. — should waters containing nitrites he examined as 

soon after collection of the sample of water as possible ? 

Because nitrites, when present in water, are soon oxidised to 
nitrates. 

2181. — TFW is the qualitative test for nitric acid as nitrates in 

water ^ 

Mix a little of the water with tw ice its bulk of pure sulphuric 
acid. This sets free the nitric acid from its combinations ; then 
add a few' drops of the solution of brucine — a pink and yellow zone 
occurs at the junction of the w'ater and acid. The sulphuric acid 
should be poured dowui the test tube gently, so as to form a layer 
beneath the mixed water and brucine solution. Half a grain of 
nitric acid to a gallon gives a marked pink and yellow^ zone. This 
is a very delicate test. Another method is to evaporate down two 
cubic centimetres of water to dryness, add a drop of pure sulphuric 
acid and a minute crystal of bruc ine (see next answer). The same 
reaction takes place, and by it '01 of a grain to the gallon can be 
easily detected. In the above test, if a solution of jiyrogallic acid 
be employc^d instead of that of brucine, a pink zone, turning 
purple, will be observed. 

21B2.—Give a very simple test for nitric acid. 

Put water for about 2 inches deep into a test tube, and pour 
down by side a little strong sulphuric acid gently, and wait till heat 
generated by the acid subsides. Now w'e may use the sol, of brucine 
which gives first n pink, viibpidly passing to yellow. This indicates 
nitric or nitrous acid, or a similar result arises from a solution of 
a proto-sulphatc of iron wliich gives an olive colour. 

2183. — Dow is the brucine solution made ? 

By dissolving 1 gramme of brucine in 1000 C.C. of distilled. 

water. 

2184. -Afay this test be used in another manner ? 

Yes,: by mixing a crystal of brucine with a drop of HaSO^. 
on a watch glass, and then let a drop of water run down into it. 

2185. — Give another test for nitrates . 

The water is concentrated and mixed with a solution of indigo 
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and Bulphnrio acid, the presence of nitrates is indicated by a 
and blue color.* 

ai86.— ITfcat teii is employed to detect nitrates in wafer ? 

There is no qualitative test for nitrates not shared with, 
nitrites; in the absence of nitrites the diphenylamine test is very 
convenient. Diphenylamine is dissolved in a little water by the 
aid of strong sulphuric acid. A few drops of the solution are added 
to 10 or 20 C.C. of water and double the volume of sulphuric acid. 
A purple blue colour denotes presence of nitrates. 

21B7—What are the two most convenient methods for the estima- 
tion of nitric acid in water ? 

Nitric acid may be determined in several ways, but four seem 
more easily applicable than the others, viz., 1, Schulze’s aluminium 
method (modified by Wanklyn and Chapman) ; 2, the copper-zinc 
process ; 3, the phenol sulphuric method, and 4, the iudigo- 
oarmine method. 

2188. — Upon what do the first two methods depend ? 

Upon the conversion of the nitric acid into ammonia. 

2189. — What is meant hy the aluminiuni method, and how is if car- 

ried out ? 

According to this method, nascent hydrogen is liberated by the 
Action of strong solution of soda or potash on aluminium foil, 100 
C.C. of the water should be introduced into a distilling flask, along 
with 10 C.C. of asolution of sodic hydrate, free from nitrates ana 
boiled briskly until reduced to about one-fourth. It is thru made 
up to its original bulk with water free from ammonia, and when 
quite cold a piece of aluminium foil about 2 inches square is drop- 
]^d in. 

The aluminium foil is prevented from floating by rolling it 
round a piece of clean glass rod. The hydrogen, as it is given off, 
escapes by the distilling tube ; and to prevent loss of ammonia, the 
opening is properly guarded. 

2X90. — What is Schultze’s otodijied method for the determination 
of nitric and nitrous acids f 

By this method both are converted into ammonia by the action 
of aluminium on an alkaline solution ; the ammonia is then distilled 
off, and the amount determined by Kessler’s solution. The re- 
sgents required are a solution of caustic soda and sheet aluminium. 

For the nitrogen of the nitrites and nitrates, treat another 
part of the water with strong sulphuric acid, and collect the gases 
in a graduated tube near mercury ; the nitrogen comes off in the 
form of nitric oxide ; the volume of this is then halved for the 
amount of nitrogen. 

* There are no testa for nitric acid or nitrates that are not shared with 
itftrites (Parkes). 




S85 


NITRATES AND NITRITES* 

2iMX*-^What is the principle of the oklwimninm (Schultze’s) pro^ 
cess for the quantitative estimation of nitric acid ? 

T^at by converting the acid into ammonia with aluminium in aft 
-alkaline solution, the ammonia may be distilled off and estimated ia 
the ordinary way by Nessler’s solution. 

2192.— -Hoiy Wanklyn’s omd Gnk.v'i&.A.'s'B modification of Schult- 
ZE*s method for estimating the nitrates and nitrites present 
in water carried out ? 

About a pint of the water to be tested is placed in a retort, imd 
a definite quantity of strong pure caustic soda solution added, and 
the whole distilled till all the ammonia has been driven off. The 
contents of the retort are now loft to cool, and a piece of thin sheet 
.aluminium introduced, and allowed to remain for four or five hours. 
Hydrogen is evolved from the metallic aluminium, which, bein^ in 
the nascent state, unites with the nitrogen of the nitrates and nitrites 
present to form ammonia. After the action has ceased, the contents 
of the retort are again distilled, and the ammonia given off esti- 
mated by Nessler’s test. The ammonia thus obtained is an index of 
the amount of the nitrates and nitrites present. From this result the 
amountof the acids present may be readily calculated. 

2XB3,--What 18 the zinc-copper couple ^ 

It is an electrical pair formed by the intimate c-ontact of the 
metals zinc and cop])er without however the production of an alloy. 

2194. — Hotv may ice make the wet copper zinc-couple / 

Put into a flask or botth' a piece of clean zinc foil, and cover it 
with the cop})er solution : allow the foil to remain until it is well 
covered with a firmly adhering black deposit of copper. (If left too 
long the de^iosit may jieel on in washing ) Pour off the solution 
(which may be kept for further use), and wash the conjoined metalE 
with distilled water. I'he couple is now ready for use. Aliout one 
square decimetre ( = J of a sejuare inch) should be used for every 
2(k) C.C.s of a water containing 5 parts or under of nitric acid in 
100,000. For waters richer in nitrates more will be required. 

2195. — TF/nrf is the zinc-copper couple method, and how is the 

couple prepared ^ 

“ This method depends upon the electrolytic reduction of nitrates 
to ammonia by means of a couple of the two metals copper and zinc, 
which is prepared as follows : — A mixture of 2 grains of finely- divided 
reduced copper with 18 grains of coarse zinc filings is introduced 
into a 2 oz. flask fitted with a cork, through which passes a tube 
drawn out to a capillary ojiening. The flask is heated over a burner 
till the zinc begins to soften, shaking, gently all the time to ensurigf 
thorough mixture of the two metals and to prevent any part bei^ 
-over-heated. The mass, when the operation is finished, should consist 
of greyish-black grains, without metallic lustre. If the mass has 
a t}ras8y tint, or if the zinc filings retain their form, the product 
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must be rejected. As s6on as the desired result is obtained, 4he dask 
is removed from the flame, continuing the agitation for a few seconds 
to prevent fusion. The poiiit of the capillary . tube is then sealed, 
and the flask allowed to cool.’* 

In this analysis 250 C.C. of the water may be evaporated over 
a naked flame to about the volume of 25 C.C., a fragment of 
quicklime about the size of a hemp seed added and renewed till 
the bulk is reduced to d or 7 C.C. The whole is then rinsed into 
an 8 oz. distilling flask, and the requisite amount of zinc-copper 
couple added. The flask is closed with a cork, and attached to a small 
Liebig’s condenser, and the water nearly all distilled off. Hot dis- 
tilled water is added at intei’vals, and the distillation renewed till 
100 C.C. of distillate is obtained. This, afier appropriate dilution of 
a fraction, say 5 C.C,, made up to 50 C.C., is then Nesslerised. 

2196. — Hovj may the process he rapidly carried out? 

By means of a piece of pure zinc foil and a H ])ercent. solution 
of sulphate of copper. The action is allowed to go on till a distinct 
coating of copper is deposited on the zinc : the i)resence of oxalic acid 
hastens the process. 

The zinc foil coated with the copper is put into a bottle with 
250 C.C. of the sample water and 0*5 gram, oxalic acid, and left for 
twenty-four hours. As in the aluminium process, all the oxidised 
nitrogen is converted into ammonia and measured as such by Nes- 
slerising. 

2197. — Describe another method for carrying out the estimation 

by the copper-zinc couple. 

Pieces of clean zinc foil, w'ell crumjiled, are imnmrsedin a solution 
of copper sulphate (3 per cent.) ; when the zinc is coated, the liq^uid is 
poured off, the couple is washed with a little distilled water, and then 
any convenient quantity of the water poured on to the couple and the 
whole allowed to stand in a warm place over-night. The w ater may 
be distilled, and the ammonia estimated, subtracting what has been 
previously found as “ free ” ammonia, but in most cases the ammonia 
may be estimated directly by taking 10*25 C C. of the water, diluting 
it up to 100 C.C. and then Nesslerisiiig direct Here again the same 
correction for ammonia jire-existing will have to be made. 

2198. — is i he simplest method of camying out the estimation 

of the amount of niUates in water? 

Evaporate 10 C.C. of the water in a small platinum dish to dry- 
ness. To the residue add 3 C.C. of solution of sulphuric acid and 
phenol, and two drops of pure hydrochloric acid, and then warm the 
dish for 3 minut es over the water bath. Pour the contents into a 
Kessler glass an d neutralise with caustic potash solution until effer- 
vescence ceases ;then fill up with distilled water to the 50 C.C. 
mark and compa re the depth of the yellow colour produced with that 
6f a test solution containing one milligramme of nitrate of potash in 
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each cubic centimetre to which the same reagents have been added 
and which has been submitted to a like process. [The process of 
<5omparison by depth of colouration is known as “ Nesslerising.**] 

. 2199 . — What is the yellow colour due to ? 

The yellow colouration is due to the formation of picric acid 
(tri-nitro-phenol), produced by the action of sulpho-carbolic acid 
on nitric acid. To express in terms of nitrogen as nitrates, the result 
must be multiplied by 0T4. 

2200, --What is the 'phenol-sulphuric acid method ? 

This method is simple in its a])plication, and yields good results. 
Phenol-sulj)huric acid is prepared l)y melting absolute phenol, and 
pouring two parts, by measure, of the iKpiefied phenol into five 
volumes of pure concentrated sulphuric acid free from nitrates, when 
the whole is digested for eight hours in a water bath kept boiling. 
The mixture* is then allowed to cool, and to each two volumes of the 
liquid is added one and a half volumes of distilled water, and half 
volume of pure strong hydrochloric acid solution. The light brown 
solution thus obtained is ready for use. 

2201 . --What is the method of carrying out this test ^ 

Ten C.C. of the water under examination and 10 C.C. of a 
standard solution of nitrate ])otasHium (0*721-5 gramme per litre) 
are pepettc'd into two small beakers, and jdaced near the edge of a 
hot plate. Wlieii nearly evaporated, they are removed to the top of 
the water-oven and left there till they are evaporated to com- 
plete dryness. As this operation usually takes an hour and a half,, 
at is better, when time is an object, to evaporate to dryness in a 
platinum dish over steam, '^Fhe residue in each case is then treated 
with 1 C.C, of the phenol-suljihuric acid, and the beakers are placed 
on the toj) of the water-oven. If the water under examination con- 
tains a large (juantity of nitrates, the liquid speedily assumes a red 
colour, whicli in a good water, will not apjiear for about ten minutes. 
After standing for fifteen minutes the beakers are removed, the 
contents of each washed out successively into a 100 C.C. measuring- 
glass, a slight excess (about 20 C.C.) of ammonia solution (s]). gr. 
0*96) added, the 100 C.C. made up b}' the addition of water, and the 
yellow liipiid transferred to a Nessler glass (6 in. X 1^- m.). The more 
strongly coloured liquid is then partly transferred to the measuring 
glass again, and tlie tints coiiqiared a second time. In this way the 
tints are adjusted, and, when as far as possible matched, the liquid 
that has been partially removed is made up to the 100 C.C. mark 
with water and, after well mixing, finally compared. If not of exactly 
the same tint, a now liquid can at once be made up, probably of 
exactly the same tint, as the first experiment gh^s very nearly the 
number of C.Cs, of the one equivalent to the 100 C.Cs. of the other. 
JIach 1 C.C. of the nitrate solution used = 0*0001 gramme (N). 
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In. the 0*86 of very' good waters, 20, 60, or more C.Oa. should be 
^aporated to a small bulk, put into a small beaker, and evapo* 
rated to dryness, and treated as above— only 6 O.C. of the standard 
nitrate of potassiun (= 0*5 N in 100,000) being taken. In the case 
-of very bad waters, 10 C.C. should be p^etted into a 100 0.0. 
measuring flask and made up to the mark with distilled water, 
then 10 C.C. of the , well-mixed liquid (= 1 C.C. original water) 
withdrawn, and treated as^above. 

2202. — TF/ia^ is the quickest method of estimating the nitrates in 

solution ? 

By indigo-carmine. It is fairly accurate when the nitrates are 
in quantities, such, for example as over a grain per gallon, but 
save with special j>recautions it is not a good method for the estima- 
tion of small quantities. 

2203. — How are nitrates 'partially removed from natural •waters f 

Nitrates arc absorbed by vegetation, and may therefore be 
partially or completely removed \^en the water containing them 
flows over growing plants. 

2204. — amount of nitrates is coniaiiced in waters from 

various sources ^ 

The amount of nitrates in rain varies with the locality, being 
neatest near towns. Seventy samples from Bothamsted (25 miles 
rrom any large town) showed nitrogen as nitrates from nil to *04 
approximately, with an average of 007 in 100,000 parts of water. 
Lpland surface waters are commonly free from nitrates and nitrites, 
or contain Vjut a mere trace. In them the range of nitrogen in this 
form is from nil to about '05, with an average of about *009 part. 
Surface waters from cultivated districts show an average of *25 part, 
ranging from nil (which occurs but seldom) to 1 part. 

2205. — What is the hygienic importance of nitrates in drinking 

water ? 

Nitrates in any water are always suspicious, but their import 
varies with the circumstances under which they occur. A minute 
quantity of ammonium nitrate is present in nearly all waters, and 
the water of deep springs, which is, as a rule, prefec*tly free from 
sewage, may be highly charged with nitrates. Again, if in waters 
containing nitrates, any vegetable growths are present, the nitrates 
will speemly disappear, having become assimilated by the jdants. 
The absence of nitrates is, therefore, no proof of the absence of 
sewage. Nitrates represent a completely oxidised condition of the 
nitrogenous matter of sewage. Sewage in an unoxidised condition 
might possibly therefore contain only a trace of nitrates. 

It is however a noticeable fact, that many good and hoalthltd 
'drinking waters contain much nitrites and nitrates, and hence, 
however harmful may be their origin, they are themselves harmless* 



O&A]?. XXTI.] HICBOSOOPICAt, XXAUINATION. 539 

S206 . — How do we account for the large amount of nitriteSf 
nitrates, NH^ in the surface soil ? 

tJrea of urine is readily converted into carbonate of ammonia 
(CH^NaO+2HaO = (NH 4 ,)a COg); animal matters in putrefying 
^re off nitrogen which forms NHg with H in the soil ; thus S’H 5 
IS oxidised sooner or later into nitrous or nitric acid in the form of 
nitrites and nitrates. [N.B.— Water defiled by animal impurities 
may contain free ammonia, common salt, nitrites and nitrates.] 

2207.— Wki/ it it customary to determine the amount of ammonia 
and of nitrogen which easists in the form of nitrites and 
nitrates ? 

Because they are the result of the decay or decomposition of 
nitrogenous organic matter. As a rule, the amount that occurs iu 
unpolluted water is very small, and even in polluted waters it is 
small when expressed in figures. The ammonia can without dififi- 
culty be determined when present, even in minute quantity. 

220B.—Wkat are the indications of nitrites ? 

Nitrites, as a rule, indicate more recent, and therefore more 
dangerous pollution, than can be inferred from the presence of 
nitrates. They readily pass into nitrates. 

2209. — What should he the limit of nitrates in water ^ 

The nitrogen as nitrates should in no case exceed 1 grain per 
gallon (= 3*86 grains N^Og); 07 grain N (« 27 grams NgOo) 
per gallon is a safer limit. 

2210. -lF;ta/ are the chief sources of nitrates in water ? 

Oxidation of animal matter ; more rarely of vegetable nitroge- 
nous matter. Occasionally nitrates are formed in deep wells of 
chalk as a result of deposit with animal matter of some kind. 

2211 . — Are nitrates and nitrites in themselves harmful ^ 

Not unless in considerable quantities. 

2212.— If nitrates and nitrites are alone present, tvhen loould you 
condemn the water ? 

When they are found in a water-source liable to contamination 
of excrementaJ filth. 

CHAPTER XXVI. 

Examakation of Water — continued. 


Microscopical Examination op Water. 

2213 . — Of what value is the microscopical examination of water? 

Microscopic examination of water is a means of obtaining solid 
information as to the character of a water that has not received the 
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attention it deserves. Vegetable tissues, spiral vessels, or an ima l 
tissues, as muscular and elastic fibres, epithelium cells, and minute 
organisms, may thus be identified, and the probable source of the 
poUution ascertained. 

Living organisms of all kinds, animal and vegetable, are fre* 
quently met with. They indicate, of course, the presence of pabulum^ 
but do not of themselves suffice to condemn a water. Bacteria, 
bacilli, vibriones (minute jointed rods), and micrococci (spherical 
bodies), single grouped or in chains, require, as Lex has shown, 
organic carbonaceous matter, nitrates which they mostly reduce to 
nitrites, a trace ot‘ phosphates and oxygen (others, however, flourish 
best where oxygen is deficient), as ScHLassiNG, Munz and Wollnt 
have proved. No water is free from them, but Kocii finds that their 
number affords an approximate estimate of its impurity. And while 
Some are connected with the ordinary processes of decomposition, 
others — we cannot distinguish which — may be the germs of specific 
diseases. In either case it is clear that their presence in large 
numbers is very undesirable. 

The examination with the microscope can, however, alone give 
accurate information of the nature of the suspended matters. Very 
high powers (1000 or 1200 diameters) are necessary for a complete 
examination, though lower powers will give much valuable infor- 
mation, 

[From tbe study of the minute organisms hal)itually and occa- 
sionally present in air, water, and soil, it may be expected that great 
advances in sanitary science wdll be made.] 

2214 .— TF/mi is tlie relation of living organisins to ivater ? 

Living organisms of all sorts and description, both vegetable 
and animal, are frequently met with in water. Their very presence 
naturally indicates the existence of a suitable food, which food is 
chiefly organic. They do not of themselves, however, entitle us to 
absolutely condemn the water in which they are found, yet a water 
containing an abundance of life must be regarded as inferior and less 
desirable than one that is clear and comparatively free from living 
organisms. The fhicroscopical examination, therefore, forms an 
important supplement to the physical and chemical examination of 
water.* “Just as the mineral debris could afford us a clue to the 
nature of the strata of soil through which the water may pass, so the 
known hahitat of certain organisms detected, should enable us, in a 
general way, to determine whether the water has been taken from a 
river, stream, lake, pond, well or other source. Indeed, if we were 
perfectly acquainted with the natural history of the forms occurring 
in a sample of water even in the absence of more definite information, 


* From the Author’s Hygiene of Water and Water-Supplies* 
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vre would have little difficulty in forming a conclusion to the source 
from whence the water was derived/’* 

2216 .— ir^a^ ia meant hy the Microzyme teat for water ? 

The Microzyme test for water is one that was originally intro- 
duced to ascertain whether micro-orgauisms were present or not, 
but we now know that germs are present in all ordinary waters, 
and even in ice. The test consists in adding two or three drops of 
the water to be tested to 2 C.C. of Paateur^a nutrient fluid, the 
latter having been previously boiled in a sterilised test tube. 
If any bacteria, bacilli, etc., or their spores are present, the fluid 
in the test tube in a few days becomes milky owing to crowds of 
bacteria. This test is of little value to hygiene, although it tells 
us roughly the number of bacteria present, and enables those who 
follow this method of research to study the bacteorological and 
morphological characteristics of the germs. “ The imjiortance of the 
thorough acquaintance with the life history of the individual micro- 
organisms cannot be too strongly insisted upon. For example, by 
such means the spirillum of Asiatic cholera can be distinguished 
from other comma-shaped organisms, and inasmuch as its presence 
may be an indication of contamination with choleraic discharges, 
such water should be condemned for drinking purposes, even though 
we may not yet be in a position to affirm that the microbe is the 
cause of the disease.” 

As, however, even distilled water and the purest ice water may 
contain hacteridia, the test cannot be used as a positive indication 
of good or bad water, except in connection with others, and with due 
regard to temperature, which has a great effect. All it will show is, 
that the greater or less rapidity of appearance of opialeBcence will 
prove that microzymes are more or less abundant. 

In any water which contains nitrogenous matter (of animal nature, 
at any rate), sugar, and a little phosphate, fungi, will soon appear, 
and the spores, no doubt, enter from the atmosphere. Spores, 
spore-cases, and delicate mycelium can be seen, and often hactei'idia 
co-exist. If fungi are found in water, they indicate impurity, and 
such water should not be used if it can be avoided. The signi- 
ficance of the different forms is as yet obscure. 

Both apirillum and bacillus can also be often detected in water. 
In addition to microzymes the water will always contain various 
allied proteMa, which are usually termed monads zooglem which 
seem to have the same significance as hacteridia, 

2216 . — Besides the Microzymic test mention another of importance 
for the detection of certain impurities in water. 

That of making cultivation experiments to ascertain the 
nature and number of the micro-organisms present. These are 

* A Guide to the Microscopical Examination of Drinking Water by J, 
HacDonald, M.D., 2nd Ed. 
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carried out by placing the microbes in suitable nutrient media in 
test tubes, or plates in which they can germinate and multiply. 

2217. — What is meant hy the biological test ? 

The biological test consists in the cultivation of any germs 
present in the water by bringing them into contact with sterilised 
nutrient media. This is-a form of examination that has led to much 
information already, and has opened out a new field of research^ 
and we are convinced that it is capable of yielding excellent results 
when carried out in its integrity. 

2218. ~jEroi« is the biological examination of water conducted ? 

As usually carried out the biological examination is conducted 
as follows A measured quantity of the water one C.C. or a 
fraction of a C.C. is mixed with a test tube full of liquefied sterilised 
nutrient gelatine which is then poured on a glass plate and placed 
under a bell- jar with suitable precaution to prevent the entrance of 
atmospheric spores. After a tew days the germs or spores are found 
to have developed into recognisable colonies which may be counted 
|md differentiated by their colour, their mode of growth, the lique- 
faction they produce in the gelatine, and otlier characteristics, 
tinder microscope the colonies may be separated into the different 
varieties of bacteria moulds and fungi and each colony may subse- 
quently be submitted to cultivation in test tubes of gelatine, blood 
serum, etc. 

If liquefaction of the gelatine be produced round a colony, it 
does not necessarily show that the germs there are pathogenic. 
Under the microscope the colonies may be separated into the dif- 
ferent varieties of bacteria, moulds, or fungi. To distinguish which 
are pathogenic, pure cultivations must be made of each colony sepa- 
rately, and animals inoculated therefrom (Klein). 

2219. — On the whole what conclusions may he arrived at in rega/rd 

to the value of the biological test for water f 

Biological science has not as yet sufficiently advanced to enable 
us to put a definite interjiretation on the result of such experiments ; 
still we think tlmt it may be asserted with regard to a given water, 
that its wholesomeness corresponds with the number of vegetable 
germs present. Tliis is not always so however. Flowing water 
with abundance of specifie germs may be less unwholesome than 
stagnant water containing fewer such microbes. 

2220. -«-TF/ien is the biological test specially valuable f 

When it is desired to confirm the results of chemical analysis 
and not because it is capable of throwing any further light on the 
dangerous or harmless qualities of a water. Under ordinary 
natural conditions waters found to be chemically pure are not capa- 
ble of causing disease ; and all waters with but very few excep- 
tions which have caused disease, have been found by chemical 
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examination to be polluted — often grossly polluted. Distilled water 
infinitesimally polluted with a few grains of enteric fever stool is 
not a water contaminated under ordinary natural conditions, and it 
would probably be passed as pure and wholesome by the biologist 
who had counted the number of bacteria in a cubic centimetre, as 
well as by the chemist who failed to find evidence of organic polllu- 
tion sufficient to condemn it. 

Q221. — What precautiona Ureio he tahen in collecting samples of 
water for hi ologial examination ? 

Too much caution cannot be exercised in collecting water 
samples for biological examination, for which purpose glass stop- 
pered bottle are the best adapted. They ought to be carefvMy 
washed with distilled water, dried thoroughly aud then sterilised 
by heating them in an air bath atn temperature of 180° C. for three 
or four hours. 

2222. — Hoiv mny we sterilise icatcr ^ 

To completely sterilise water or any other fluid, it is neces- 
sary to boil it, or merely raise the fluid to a temperature of 212° F. 
without actual cliullition, for a short period (half an hour) on three 
or four successive days. In this way, the spores, which escape 
destruction by the first boiling, have time to develop into adult 
bacteria, which are destroyed by the next boiling, and so on, 
until all the 8uccessi7e crops are disposed of. Boiled water thus 
sterilised is flat and insipid, and should be aerated before being 
drunk. 

2223. — How do we 'proceed in making an ordinary microscopical 

examination of water ^ 

We place a drop of the water on a cover glass, and allow it to 
evaporate (preferably under a bell glass). This may be examined 
at once, or passed through a flame three or four times, and then 
«tained with one of various aniline pigments. 

2224. — What course is to he pursued in the microscopical examina- 

tion of sediment when the amount of sedimentary matter 
is small ? 

When water is very turbid from an obviously impure source, it 
is easy enough to obtain a sufficient amount of sedimentary matter 
for microscopical examination, and a reliable estimate of the fitness 
of such water for drinking purposes may be thus readily formed. But 
it more frequently happens that the deposit, even after long standing 
is but slight, and when this is the case, we must have recourse to 
special means, by which the whole, or a large amount of the matters 
in suspension, may be concentrated, or collected together in a 
small compass. In the first place, a tall glass vessel should be 
filled with the water to be examined, and a circular disc of glass» 
iittached to a long aluminium wire lowered to the bottom, when 
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the whole arrangement lightly covered, must be set aside for twenty** 
four or forty-eight hours as the case may be. 

At the end of the specified time, the water should be siphoned 
off with a piece of India-rubber tubing, so as to leave only a thin 
stratum of the liquid over the glass disc. This should now be care- 
fully raised and laid upon blotting paper to dry its under-surface 
and remove the surplus moisture, when it may be at once trans- 
ferred to the microscope, with a large piece of covering glass, so 
placed upon it as to exclude all air bubbles. An ordinary watch 
glass may in some cases be substituted for the disc alluded to, with 
advantage, as being less likely to permit the loss of sediment by 
overflow, which is certain to happen with a plain surface. ITie 
operator must be cautioned not to use iron wire, which rusts 
so rapidly that it will soon throw down a flocculent precipitate. 
Another good plan, which is pdrhaps the better of the two, is to 
siphon off the water until only a sufficient quantity remains to 
permit the sediment to be shaten up with it, and poured into a 
tall conical glass from which after standing again for a short time, 
portions may be taken up by means of a pepette, and placed on 
slides for examinations. If the subsidence is observed to be com- 
■^plete it is rather an advantage to have a good bod} of water in the 
glass, or at least so much as will permit the pe})ette to be used 
with ease and facility. It may be observed here that it is very in- 
convenient to have too much fluid at a time on a slide. The covering 
glass will be unstable and liable to have its upper surface w’etted, 
while the objects themselves will be tremulous, if they do not 
quite run out of the field. To obviate this, pepette, wdien taken 
out of the water, should be held in a vertical position for some little 
time, until the suspended matters gravitate to the bottom of the 
tube, when a well charged droplet might be placed on a number 
of separate slides and examined seriatim. This is, in fact, the only 
way in which a large sediment can be thoroughly inspected. 

2225. — Should the microscopic examination of samples of water be 

always carried out ? 

The microscopic examination of the sediment ought always to 
be performed where possible, as it often affords important informa- 
tion when the chemical investigation fails. Thus, the presence of 
such objects as muscular fibre, wheaten starch cells, mucous 
epithelium, disintergrating masses of paper, etc., are sufficient 
alone to condemn water (especially it it bo from a shallow 
well), even when the chemical constituents are within limits, as 
they are undoubted evidences of animal contamination, almost 
certainly sewage. In such cases the nitric acid is nearly always 
large in amount. 

2226. -~lF/ia^ is the usual object of the microscopical examination 

of the sediment of water f 

The object of this examination, in a majority of enses, is to 
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determine whether the water has been polluted with aewage or 
dojmestic refuse. 

2227. --What hodiss are usually found in polluted water? 

Fibres of cotton, wool, or linen, starch cells, macerated paper, 
human hairs, yellow globular masses, and striped muscular fibres 
(undigested meat) with squamous epithelium cells, are all iudicar 
tive of contamination of the water with human refuse, and most 
probably with sewage. Amongst these matters, and feeding on 
them, will probably be found living organisms of a low type, such 
as bacteria (micrococci, bacilli, and vibriones) amoebee, and in- 
fusoria. These organisms arc not in themselves dangerous, but 
they indicate the presence of matters — chiefly organic — upon which 
they feed, and amongst them may be those disease-producing 
organisms which so often find their way into sewage- 

2228. — What precaution sluouid be taken in ordei* to collect the 

sediment ? 

The water should be allowed to stand for 12 to 24 hours. 

If a sample of water intended for dietetic purposes be turbid, 
a tall cylinder may be filled with it and allowed to rest, and after 
the Burpemataut liquid has been removed by a syphon, the residue 
may be examined microscopically for low forms of animal or vege- 
table life, and for evidence of organic pollution from town sewage 
or manufactories, such as cotton, linen, or woollen fibres, muscular 
tissue, etc. 

2229-— Are all vegetable germs in water harmful ? 

By no means; some indeed exercise a purifying influence by 
feeding on, and bringing about a disintegration of, the organic im- 
purities contained in the water. Certain forms of micro-organisms 
split up the nitrogenous (animal) matter and convert it into 
4immouia, nitrites, and later on nitrates. 

Some germs are related to ordinary decomposition processes ; 
whilst others, and we cannot distinguish which, may be the seeds 
of specific diseases. That certain forms of micro-organisms bring 
about specific diseases, such as enteric fever, cholera, etc., is now 
a generally recognised fact. These germs are the least readily 
determinable of all impurities, evading all chemical examination. 

Water containing an abundance of life must be regarded as 
inferior and less desirable, than one that is clear or comparatively 
free from living forms. 

2230. — Describe the method of conducting plate etdtivationa. 

The follwing is recommended on good authority : — A shallow 
^lasR dish is placed on a tripod stand, filled with water, covered 
with a glass plate, and the level carefully adjusted by means of a 
epirit-lovel, which is then removed, aud replaced by apieceot filter 
paper the size of the glass plates to ho used, and then coveted with a 
s. The glass plates are put intoaii iron case at«d sterilised 

35 
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in n Bteriliser heated to 150® C. (302® F.) where they WPe^ 

kept for an hour or two. The water in the dish is now oo<^ed hy 
means of crushed ice ; a sterilised plate is removed from the case hy 
means of sterilised forceps, held between the finger and thun?b hy 
opposite edges, and rapidly transferred to the filter paper on the glass 
plate. The vessel containing sterised gelatine is warmed in a vessel 
of water heated to 30® C. [80® F.)inocnlated with the sample by means 
of a sterilised pepette, and well mixed by shaking, svoiding the 
formation of air bubbles ; the bell-glass is raised, and the gelatine 
is poured on to the plate, the plug being previously removed, and 
the gelatine is quickly spread over the plate by pieans of a ste- 
rilised glass rod to within half an inch of the border of the plate. 
The bell glass is replaced, and the gelatine allowed to set. When 
quite set, the plate is transferred to the damp chambor. 

In two or three days the cultivation may be examined, and the 
colonies counted; and for this purpose a glass-plate ruled into square 
centimetres, arranged on a frame so that it may be placed over 
the plate containing the cultivation, may be requisite, so that the 
number of colonies beneath one square, and the number of lique- 
fying colonies also, may be counted. Individual organisms may 
then be examined by means of cover-glass preparations, and by 
further inoculatiouvs of nutrient gelatine and other media. 

T)r. Duprt, (Report of the Medical Officer, in 14th Report, 
1884, p304; 15th Report, 1885, p. 309; and l7th Report, 1887, 
p. 27*2, of the Local Government Board) has investigated the changes 
effected in the aeration of water by the life processes of particular 
micro-organisms under different conditions of temperature, light, 
and nutrient material ; but all that can at present be said is, that 
some organisms cause the disappearance of oxygen under the in- 
fluence of organic matter in the light, others only in the dark. 

Professor W. R. Smith, of King’s College, in the preliminary 
report on the Differentiation and Identification of Micro-organisms 
found in icaier-sujpplies, (Report of the Medical Officer, 1 7th Report, 
1887, p. 268) has also investigated the micro-organisms in the water 
supplied by two of the London Water Companies. 

2231 . — What was the method adopted hy Prof. W. R. Smith P 

His method was to make gelatine plate cultivations at 20® C. 
(68®F.), and agar-agar plate cultures at 30®C. (86''F.) and with the or- 
ganisms thus developed mice were inoculated ; but in no case was any 
noteworthy result obtained. He did not detect any disease-produ- 
cing organism, but colonies of microphytes of multifarious character 
such as Bacillus fluorescena liquescens^ Staple coccus flavus 
liquescens. Bacillus eryihosforus^ and others whose identity wiHi 
known organisms was not established. But, whatever method 
be adopted, the information afforded is at present of very 
limited value, for (1) all the organisms introduced into the culture 
i3iay not be capable of propagation in this latter; and 
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{2)^ each colony may pcwsibly be the produce of one or more indiri* 
dnal organisms, but this is not likeljr ; (3) accidental contamination 
of a water after collection may readily occur. 

883SI* — W'hat is Dr. Angus Smith’s method for recognising that 
micro-organisms are present in water f 

It consists in introducing, by means of a capillary sterilised 
pepette, drops of the fluid into gelatine or gelatine-broth in test 
tubes plugged with sterilised cotton-wool, and heated to 35" — 40® C. 
(05® — 104° F.). The tubes are then shaken so as to distribute the 
inoculated liquid through the gelatine, which is then allowed to cool 
and set. After a few days the colonies of organisms that liquefy 
gelatine may be recognised as clusters disseminated througn the 
gelatine (which they liquefy). The size of the clusters, their appear- 
ance and groupings, are then noted. Dr. Percy Fraxklaxd (‘ Pro- 
ceedings of lioyal Society,’ Vol. xxxviii, 1885. p. 379) and Dr. 
Warden, of Calcutta, (‘Chemical Nows,’ Vol. lii, 1885, pp. 52, 66, 73, 
89 and 101) have jiubhshed valuable methods of determining the 
relative numliors of micro-organisms present in waters, by means of 
plate cultivations. This may be done by adding a measured small 
quantity of the water to be examined to a definite quantity of lique- 
fied sterilised nutrient gelatine, in a sterilised test tube. The mix- 
ture is wrell shaken and poured into a glass plate, jilaced beneath a 
bell-glass in a moist chamber and kejit at a temjierature of 70® — 
72" F. (21® — 22*8 C.). After a few' days the number of colonies, their 
shape, size, colour, and other characters, may be noted. 

The water is allowed to stand for few liours, till most of the 
particulate matter has subsided, and then a little of the fluid and 
sediment is withdrawn by means of a long capillary pe})ette. Some 
of the fluid and sediment thus removed is used for nucrosco])ic ex- 
amination wdiilst fresh ; whilst another portion is prcqiared after the 
Weigert-Kocii method; by s})reading out tlie fluid on a cover-glass 
in a thin layer, drying it, fixing by passing three times through a 
flame, staining wdth a suitable aniline dye, such as methyl-blue, 
magenta, or gentian- violet ; washing successively with water, 
alcohol, and distilled w^ater ; drying, and then mounting the^ 
preparation in Canada balsam dissolved in benzene or xylol.' 
Tost tubes containing sterilised cultivation material, such as 
agar mixture, gelatine, or Pasteur’s fluid, are also inoculated with 
the fluid in the pepette, by piercing the plug of cotton- wool 
with this. The test tubes are then placed in the incubator for 
a day or two, and then a portion is withdrawn by means of a 
capillary pepette, and used for microscopic examination in order 
to ascertain what kinds of organisms are present; for the unaided 
eye generally suffices after a day or two’s incubation to ascertain 
whether organisms are present or not. New cultivations may also 
be made from the first cultivation. [This is a good method for de- 
termining the presence of micro-organisms in water, though 
useful in determining their characters,] it 
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11233 .*— Info what two large classes may we divide vegetable organ* 
isms found in water f 

Into (1) alg 80 and diatoms, and (2) fungi The former are present 
in nearly all running streams, and, therefore, cannot be held to Con* 
tra-indicate the use of the water ; indeed, they may assist in purifying 
and oxidising it. Fungi, on the other hand, requiring the presence of 
nitrogenous, carbonaceous, and phosphatic matter, are evidence of 
impurity. The so-called sewage fungus of Heisch forms rapidly in 
water, to which sugar has been added if kept in a warm place. It is 
therefore not characteristic of sewage, but indicates an amount of 
decomposing organic matter enough to absolutely condemn any 
water. It presents the appearance of grape-liko clusters of spheric^ 
transparent bodies, and in its growth it develops butyric acid, recog- 
nisable by its rancid odour. The spores are derived from the air. 

2234 . — What are Koch’s and Frankland’s niethods of cultivating 

micro-organisms ? 

Dr. Koch’s process consists in cultivating the lower forms of 
life, in a solid medium by means of which the growth of each colony 
is localised. The medium used by Dr. Frankland in conducting 
this process is made as follows : — 

Infuse one pound of finely cut meat in half a litre of cold 
water and strain. 

Digest 160 grammes of gelatine in another half litre of cold water 
and mixing it with the meat extract, heat till the 'whole of the gela- 
tine is dissolved, when add 1 gramme of sodium chloride and 
10 grammes of solid peptone and mix. 

Now carefully neutralise this liquid with carbonate of soda ; 
clarify by beating it up with two or three eggs, boil, strain through 
cloth and filter through sterilised bibulous paper. Upon cooling it 
sets to a transparent jelly. 

Before setting, 7 or 10 C.C. are poured into (each of) a number 
of dean sterilised test-tubes, which are afterwards tightly plugged 
with cotton- wool and again sterilised by steaming them for half an 
' hour at a time for three or four consecutive days. 

2235 . — conclusions may he arrived at when we find ahund- 

ance of the lower forms of life in water ? 

It may be stated that the lowest organisms like bacteria when 
present in large numbers indicate that putrefactive changes are 
taking place, and generally that the presence of bacteria, amoBbas, and 
infuaona, must be regarded with great suspicion, because the pollut* 
ing materials with which they are associated are more likely to be 
dangerous than the vegetable masses from ditches and ponds amongst 
which the higher organisms are usually found. The hacteria of un* 
wholcaoiiie water lionefy gelatine ciutiv»tion*media more raidily 
t han tiiose from wholesome waters. 
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9ld36 . — Are theee methods ge'iierally employed ? 

They are not, because no means are known which enable the 
microscopist and analyst to discriminate between pathogenic, aymo- 
genic, and presumably inert bacteria, by mere inspection. 

2237. — What are the moat important micro-organisms met with ir^ 

icater ? 

Of the vegetable organisms are the most important, requiring 
the microscope for their detection. The chief forms of fungi met 
with in water as far as public health is concerned are, bacteria, 
bacilla, vibrios (minute chained rods), micrococci (spherical par- 
ticles singly or in clusters), all of which require as food organic car- 
bonaceous matter, nitrates which they reduce to nitrites, a trace of 
phosphates, and usually oxygen. Many organisms, however, flourish 
better in the absence of oxygen. No natural water is free from these 
vegetable germs. 

The number of micro-organisms in different kinds of water 
varies considerably, but on the whole corresponds with, and gives an 
approximate estimate as to the degree of impurity. Some important 
investigations carried out by Dr. Pekcy Frankland pointed out that 
the unpurified water of the Thames contained about 1,0(X) micro- 
organisms to the drop, but after passing through the filters of the 
water companies, the same water contained on an average only 
20 micro-organisms. The actual irumber of germs in a water ii of 
importance also from the fact that in their multiplication they 
generate poisonous bodies called ptomaines. 

Ordinary putrefactive bacteria, vibriones, and cocci may not in 
themselves be harmful, yet their presence in any numbers in water 
points to the probability of the existence of dangerous organic matter, 
this organic matter serving as a pabulum upon which such micro- 
organisms feed and multiply. They are the most pernicious of all 
impurities in water, for some forms of these microphytes produce 
disease in man. It need scarcely be said that they are invisible, some 
requiring the highest powers of the microscope for their detection.* 

2238. — TF/iaf opinion may he given as to the number oj vegetable^ 

microbes permissible in water^ 

Kocu is of opinion that a normal water is one which contains 
less than 300 germs in each cubic centimetre. Flugge and Krosicawer 
would not permit more than 50 to 150 germs at the most, and the 
Swiss Society of Analytical Chemists fixed the latter figure as their 
maximum. A. Pfeiffer condemns a water when the germs readi 
1,000 per cubic centimetre (Ferd. Fischr, * Zeitsch f . Angew Chemie,* 
.1889, No. 18). These conclusions are widely diverse, and no account 
is taken of the kinds of germ met with. It is obvious that until we 
have some means of distinguishing between innocent, afid perhaps 


* From the Author's Hygiene of Wattr and Water-Supplies. 
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b^eficent germs, and those which are disease-producing, thO nfiere 
counting of germs is a valueless operation. 

A water that has an offensive smell, or exhibits many moving 
organisms, or on cultivation shows a number of colonies of diverse 
species, is absoluteljr unfit for use. 

The identification of the spores oi fungi, and even of the myce- 
lium as seen in water, is 150 extremely difficult that it would be at 
present rash to affirm that any fungoid elements are distinctive of 
fecal matter. The butyric acid smell also is given off by so many 
impure waters that it could hardly be used as a tost for feces. 

2239. — ^re micro-organisms usually met ivitli in ordinary potable 

waters ? 

Microbes are always present in natural waters, even the purest ; 
but their number is greatest in impure water. Both moving and 
motionless organisms are found — micrococci, bacteria, bacilli, spirilla. 
Most of them multiply rapidly in water, especially if impure, at the 
ordinary tenmerature, and they arc continually recruited by aerial 
microbes,* Hence the number is constantly changing, and affords 
only a very rough indication of the quality of the water. If a small 
measured volume, say 5 C.C., of the water is added to nutrient gela- 
tine, and a plate cultivation made, the number of colonies can be 
counted. Little is known of the significance of most of the varieties 
met with, but the great majority are doubtless pei'fectly harmless. 
jSome pathogenic microbes have been detected in natural waters ; 
among them those alleged to be the causes of cholera, enteric fever, and 
malaria. The comma bacillus thrives for months in sewage, but 
boon perishes in pure water. The same is true of ])acillus anthracis, 
but the spores retain their vitality even in distilled water. A bacil- 
lus, known as Beggiaioa alba, characterised by the presence of grains 
of sulphur in its substance, is found in marsn water and in sulphur 
springs. It grows freely in water containing sewage, and also in the 
emuents from certain manufactories, especially sugar factories and 
tan-yards, tbe dense flocculent greyish-white masses of Beggiatoa 
have been regarded as evidence of the jiresence of sewage. They re- 
duce sulphates, and will grow in water in which sulphates abound, 
whether derived from sewage or not. 

2240. — Are the larger organisms of putref action dangerous ? 

Evidence on this point is not very clear, although it tends to 
show that such organisms are rather beneficial than harmful, inasmuch 
as they consume or live on the smaller and more dangerous ones. 

2241. — Are putrefactive fungi in water harmful ? 

At present there seems no reason to think that common (putre- 
factive) bacteria and vibriones are in themselves hurtful, but they 

* A sample of water from a dem chalk well oontaiaed 7 microbes when freah» 
21 after standing for a day at 2(P C., 495,000 after standing three days vFeank- 
LAITD), 
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ixuiicate tlie existence of putref^K^tive organic matter, which is a dan* 
ger. But there may be, and probably are, forms of bacteria which 
are more dangerous, and which may hereafter be distinctly differen- 
tiated by careful cultivation. For this purpose a sample of the 
water must be examined by mixing a small measured portion with 
gdlatine (especially prepared) or other nutrient medium. This, 
when fluid, is poured over a glass plate, and set aside in a cultivat- 
ing apparatus. In a day or two, colonies of minute organisms will 
show tnemselves. These can be counted by the microscope, and stated 
as so many per cubic centimetre. Note may also be taken of the 
' characters of each, and whether or not they liquefy the medium. 
Separate pure cultivations can then be made. 

It may be stated that the lowest organisms like bacteria, when 
present in large numbefs, indicate that putrefactive changes are 
taking place, and generally that the presence of bacteria, amoebae, , 
and infusoria, must be regarded with great suspicion, because the 
polluting materials with which they are associated are more likely to 
be dangerous than the vegetable masses from ditches and ponds, 
amongst which the higher organisms are usually found. 

Pollution of water with vegetable matters may be recognised by 
the presence of vegetable cellular tissue, fungi and moulds, algas, 

“ diatoms, desmids and confervas. Amongst decaying vegetable matter 
will be found an abundance of microscopic living organisms, includ- 
ing bacteria, amoebae, euglenae, infusoria vorticellae or water worms, 
rotifers or wheel animalcules, entomostraca, daphnia pulex (water 
flea), Cyclops quadricornis, amphipoda, rhisopoda and tardigrada 
(water bears), the larvas of the water gnat, and the j)upa forms of 
other insects, besides many others. 

2242 .— is the relation of vegetable life fungi, algoe, etc., to 
water ? 

Of the vegetable fungi met with in Water, wc have bacteria, 
bacilli, vibriones, (minute chained rods) micrococci (spherical par- 
ticles, singly or in chains), all of which rc(|uire as food organic car- 
bonaceous matter, nitrates, (which they reduce to nitrites), a trace of 
phosphates and oxygen. Many micro-organisms, however, flourish 
better in the absence of oxygen. No natural water is free from these 
vegetable germs, and the number present gives an approximate esti- 
mate of its imj)urity (Koch). It need scarcely be said that these 
bodies are invisible and therefore all the more dangerous. 

Some germs are related to ordinary decomposition processes, 
whilst others, and we cannot distinguish which, may be the seeds of 
specific diseases. 

The vegetable organisms which cause the most trouble and in- 
convenience are those which appear as greenish specks, or minute 
straight or curved threads, aiffused through the water — visible 
enough if a large quantity of water be looked at, but perhaps almost 
escaping notice in the small quantity which would be taken up in % 
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»mgle glass* It is true that the individual plants are in soma mwm 
ij^inguiBhable by the naked eye ; but their form and struoture on 

made out only by use of the microsoope. If collected together as a 
scum, which often happens, especially on the windward shore ol a 
pond, the scum k not coherent, is easily broken up, either by a wind 
in the <^poBite direction, by a shower of rain, or by artificial 
agitation.^ The appearance has been sometimes described as that of 
meal or (k fine dust scattered through the water. The number ol 
individuals is almost infinite ; and under favourable conditions they 
increase with great rapidity. 

While very many species of the minute algsB present this general 
appearance, the number of species which are known to increase to a 
^eat extent as to completely fill the waters of ponds of sereral acres 
Si dimensions, and to cause sensible inconvenience, is comparatively 
^ small. 

2243. — What are the chief living organiems found in water f 

Rhizopoda, infusoria, hydrozoa, rotifera, scolecida, ento- 
mostraca, and insecta are found in water, together with fungi, 
algas, diatomacesB, and many other organisms For the most part 
these are believed to be harmless in themselTes, though infusoria, 
(e.^., paramascium, vorticella,) and fungi indicate the presence of 
impurities. Among the parasites which are believed to be 
conveyed by water are certain tape-worms, the guinea-worm, Doch- 
mius duodcnalis, Bilharzia, and leeches. Tliey may be found in the 
adult or embryonic form, or as ova. 

2244. — What parabites have been found to gain- entrance into the 

human being through drinking water ? 

Anchylostoma (or selerostoma)duodena]e; Ascarislumbricoides, 
Bilharzia haemotobia, Bothrioceplialus latus, Distoma hepaticum, 
Dochmius (or strongylus) duodenalis, Filaria dracunculi, and 
Filaria sanguinis hominis. 

2245. -0/* what parasites have the embryos or eggs been fotmd 

in water ? 

Taenia solium; Bothriocephalus latus; Ascaris lumbricoides 
(round worms) ; Oxyuris vermicularis (thread- worms) ; Filaria 
sanguinis hominis, the embryos of which are sucked from the 
blood by mosquitos and then transferred to water; Bilharzia haoma* 
tobia; and Distoma hepaticum (liver fluke of sheep). The guinea- worm 
(Filaria dracunculus) is said to penetratO into the subcutaneous 
cellular tisaue of the legs of bathers, whilst leeches may fix them- 
selves in the pharynx and cause much haemorrhage. 

; 2243,— What is the sewage-fuTigvs ? What are Us peculia/rities 
and habitat ? 

^ The sewage-fanguB (Beggiatoa idba) is found in waters 
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luikiiig an abnormal amount of snlphates derired either directir 
from sewage or from substances used in precipitating sewage, and 
also from manufacturing refuse and waste waters. The lun^s 
form dense flocculent greyish- white masses attached to floatinjg 
vegetation or to the banks of streams. Under the microscope it 
is seen to consist of an immense number of colourless threads con- 
taining bright strongly refractive globular particles of sulphur. 
The threads branch dichotomously. 

[Under the microscope, sewer water contains various dead 
decaying matters, and in addition multitudes of bacteria and 
amosbiform bodies, as well as some ciliated infusoria, especially 
parameda. Fungi (spores and mycelium) are seen, but there are 
few diatoms or deswitds, and not many of the higher animals, snch 
as rotifera.^ 

2247 .-— animal parasitic forms are found in water F 

Of the anima^ kingdom, the rhizopoda and infusoria are 
abundantly represented in pools, tanks, and rivers. They are them- 
selves harmless, but point to an existing pabulum of organic matter 
in the water, which in many cases is in such quantity as to lead to 
serious contamination. Hydrozoa and ro/7/era are frequently pre- 
sent in good water. Namatodse are often found in impure water. In 
this order are included the round and thread worms (which may 
inhabit the alimentary tract of human beings), the embryo of the 
guinea-worm, and the filaria sanguinis hominiSy which plays, 
such an important part in the production of elephantiasis and 
chyluria. These latter animal parasites are met with in the water 
of certain areas in which the affections createrl by them are 
endemic. The ciliated embryo of broad tape-worm passes through 
its first stage of development in the alimentary canals of certain 
fishes (eels and pike). Leeches are frequently met with in water. 
They are often dangerous from the great bleeding they may cause 
from the throat or stomach when they gain access to those organs. 
The absence of fish and molluscs in perennial rivers and tanks, 
denotes very had water. Water fleas (cypris), cyclopsy daphnea, 
etc., are found in apparently good water. 

[Among higher animal forms the hydrozoa, rot if era and entro- 
mostraca occur so frequently, especially in spring time, in running 
brooks, that little weight can be attached to their presence. 
Anguilluhe, on the other hand, require so much organic impurity 
for their nourishment that they must be looked on with great 
suspicion ; while leeches and the eggs or embryos of filaria, 
ascarides, flukes, and the various species of scolecida, and other 
eotozoa are of the highest importance in themselves. The Boihrio* 
oephalus or tape- worm of Eastern Europe, has* recently been dis- 
covered to be in its librval stage parasitic in the pike fish. Leeches 
have been known to cause dangerous hasmorrhages from the fauces 
and stomach ; and in the tropics the guinea* worm, BUhargia, etCf^ 
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enter tbe hutnan body from the water of tanks and like potblted 
sources.] 

M 48 .— -May vegetable viicro-orgafiiBviu he found in ice ? 

They may, and as a matter of fact they are frequently prbsent 
in it. In connection with impure water should be mentioned impure 
ice. Ice is purer than tho^ water from which it forms, but if cut 
from a foul pond or if inanufactured from imjjure water it will 
itself be foul, and the vitality of some microspic organism is not 
destroyed by their being frozen, as is shown by tne fact that samples 
from tbe centre of blocks of ice will inoculate sterilized infusions 
with the germs of putrefaction, precisely as the water of which 
the ice is composed would have done before it was frozen. Disease 
has \teen traced to impure ice, and it may be that it is more fre- 
quently due to this cause than has heretofore been supposed ; at all 
events it is well to bear the possibility in mind. 

2249 .— TFW the significance of ALGi®, diatoms and dksmtds in 
water f 

Algie, diatoms, cund desinids are found in almost all run- 
ning streams, and are also seen in many well waters. They cannot 
be held to indicate any great impurity ; and to condemn water on 
account of their presence would be really to condemn all waters, 
even* rain, in which minute algoid vesicles (proiococci) are often 
found. 

The forms of the various confervm in water are very numerous ; 
some being coloured green, whilst at other times they are quite 
colourless, round, isolated, or clustered vesicles. The immature 
forms may not be easy of identification. The diatoms are always 
readily recognised and identified. It may be stated generally that 
organisms of a grass-green colour, such as the green oZyas, need not 
be olgected to ; but the bluish-green, such as the oscillaiorians, 
nostoc, etc., are less desirable ; not that they are probably directly 
injurious, but as indicating an impure water, and as being apt to 
give rise to an unpleasant (** pig-pen ”) odour. Leptothrix ockrma, 
which was at one time thought to be connected with a special 
disease poison, is really harmless, and is mostly found in waters con- 
taining a good deal of iron peroxide ; such waters are usually 
singularly free from noxious organic matter. 

There is no reason to believe that the presence of these minute 
algsB gives an unwholesome character to the water ; and the incon- 
venience caused »»y their presence and decay is fortunately of short 
duration, being, as a rule, for only a few weeks of the year. They 
are not a sign of impurity, as they grow in ponds which are far 
removed from all sources of contamination ; still a pond known to 
be subject to such growth would be, on this account, less desirable 
as a source of supply* There is no means known of preventing the 
growth, but by a properly-conducted filtration the water may be 
made much more aooeptable to the eye and to the taste. 
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WkWO^’^WhcLt is the significmce of rhisopoda in water ? 

Rhizopoda, especially amoehse and similar forms, may often 
be detected with the microscope. They appear to indicate, like 
bacieridia, the existence of putrefying substances, but this is not 
jet certain. They are not found in first-class waters. 

2261. — TF/iai is the significance of the various forms of euglenAs 

in water ? 

Euglense (of different species, such as E. virldis, E. pyrutm, 
«tc-) are found in many waters, especially of ponds and tanks. 
Ciliated, free, and rapidly moving infusoria, belonging to several 
kinds of common protozoa, such as holpoda, paramecium, coleps, 
stentor, ke7'ona, stylonychia, oxytricha, etc., are also found. The 
abundance of these bodies indicates, of course, that the water 
contains food for them, and this must be either vegetable or animal 
organic matter, but the mere presence of these infusoria will not 
show which it is, Hassall noticed, however, in 1850, that the 
Thames water below Brentford, where it was mixed with sewage, 
swarmed with paramecia, while at Kew, where the water was freer 
from sewage matters, they had almost disappeared Subsequent 
observations have not, however, proved the relation between 
pa/ramecia and animal matter in the water to be sufficiently con- 
stant to allow the former to be used as a test of the latter. Fixed 
or slow moving infusoria, as the vorticellse, are also often seen in 
river waters. 

In many waters the living objects in the above five classes 
comprise all that are likely to be seen, but in the other cases there 
are animals of a larger kind. [^Hydrozoa, especially the fresh 
water polyps, are common in most still waters, and do not indicate 
anything hurtful, 

2262. — PT/j a ^/orm« of woi'ma are found in water? 

Worms, or their eggs and embryos, belonging to the class 
Scolecida, may occur in water, and are of great importance. The 
eggs and joints of the tape-worm, the embryos of Bothriocephalic 
the eggs of the round and thread-worms, and perhaps the worms 
themselves, the guinea- worm, and other kinds of filaria ; the eggs 
of Eochmius duoaenalis, and other di8to7nata, and the embryos of 
Bilharzia, have all been recognised in water, though it has not yet 
been shown that in all cases they can be thus introduced into the 
human body. 

2263. — Whatmaij he said with regard to the presence of infusoria 

in drinjcing water ? 

As far as at present known, the existence of infusoria of dif- 
ferent kinds is not hurtful, though they may indicate by their 
abundance the presence of organic impurity, which they are proba- 
bly useful in getting rid of. The effect of microzymes, algrn, Gt 
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fimai, in drinking water is also a matter oi which little or .nothing 
is known, thongh it i« very probable that future research may 
bring out some&ing important in this direction, a line of research 
Whi(% is now only in the initial stage * 

The distinctly animal forms of rhizopods and infusoria are- 
abundant in ponds, tanks, and some river waters ; harmless in 
themselves, they prove the presence of organic matter, and some 
seem to point to serious degrees of pollution. 


CHAPTER XXYII. 

Diseases produced by Consumption of Impure Water. 

2254 . — In general ierma wkai may be said to he the relation 
between impure water and disease ^ 

Daily increasing evidence shows the intimate relation between 
impure water and disease. The rapid strides made in that branch 
of sanitary science that has for its object the investigation of disease- 
causes, place us in a position to state that the nature and quality of 
the water used by a community is a matter of vital significance. 
There is no factor that plays such an overwhelming part in the pre- 
servation of the public health as that of water-supply. Instinct 
taught this to the ancients, but prolonged and sad experience^ 
together with developed science, have demonstrated it to us. It is 
really no exaggeration to affirm, that the unrestricted supply of 
water in a pure state is the first essential of decency, of comfort, 
and of puVdic health. Without such a supply the poorer classes are 
bound to remain in a low stage of civilisation. Any great limitation 
to its use in towns, cities, and municipalities must keep the mass of 
the people in a condition of the most unwholesome filth and dej^a- 
dation. To the people of India the quality of their water-supply is 
perhaps more important than it is to any nation in existence, for they* 
are the greatest water-drinkers known. It may in fact be consi- 
dered their universal beverage. No greater improvement td a 
locality can be made than that of supplying each household, and 
each inhabitant, with wholesome water. Every occupied house of a 
town, municipality, or village should have, within a convenient 
distance, an available supply or wholesome water, sufficient for 
consumption and for domestic purposes. Such limitation of its use 
as we see in the bustees of Indian towns (and in many more advanced 
countries also) is necessarily associated with a condition of ma^^orial 
tttid unwholesome filth. 


• Hkhib’s Hmnatozoon ef Malaria , 
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Town Commission in their invaluable reports. It was there 
shown that want of water leads to impurities of all kinds, the person 
and clothes are not washed, or are washed repeatedly in the same 
water, cooking water is used scantily, or more than once ; habitation 
become dirty, streets arc not cleaned, sewers become clogged, and in 
these various w^s a want of water produces uncleanliness of the 
very air itself. The consequence either of a short supply of water 
for domestic purpose, or of difficulty in removing water which has 
been used, are very similar. 

It is absolutely necessary that there should be a good supply of 
pure water in the neighbourhood of human habitations. Bivers, 
when not contaminated with sewage, are available for this purpose. 
In ancient Rome there were officers, Curatores Alvii et llijparum 
whose duty it was to take care of the banks of the Tiber and to 
regulate its channel. The channels of rivers, it should be remem- 
bered, are always liable to deterioration from physical causes in 
constant action. 

2255 * — Short of producing pronounced disease may impure water 
act detrimentally to health ^ 

Short of producing any active disease, the continuous use of 
foul water may bring about a general impairment of health, a 
lessened immunity from, and an increased liability to diseases of all 
kinds. All these maladies may owe, not only their origin, but also 
their continuation and propagation to infected water. 

2ZSe.--What are the chief ways in which impure drinking water 
produces disease i' 

^ (1) By its containing organic matter, vegetable or animal, living 
or dead, including in this, suspended parasites, their ova, or spores ; 
and (2) by having dissolved in it excess of certain saline bodies, 
such as chlorides, carbonates, and sulphates of lime and mag- 
nesia, etc. 

2267.*— Compare in respect of hygienic importance the severed 
classes of impurities met with in water ? 

The orgcmic impurities are by far the most important consti- 
tuents of water, and they are the most powerful in producing disease. 
The saZine bodies, when in excess, are not without their injurious 
effects, but when found they are more or less constant and unvarying, 
•can be determined with accuracy, and the diseases they bring about 
can be readily and with certainty connected with them. Dead 
organic matter may give rise to diarrhoea, dysentery, malarial fevers, 
etc., but living organic matter in the form of specific micro-organ- 
isms may bring al^ut specific diseases, such as cholera and enteric 
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• 8288.— J« there any oonmectiom between impure water and epidemic 
> ' diiea$e$ ? , 

There is a marked oonnection between certain epidemic diseasea 
and impure water, so close indeed is this connection, that one is 
almost inclined to hazard the statement that such diseases can 
scarcely spread widely in a community, without its influence. 
It is a safe thing to assume that any severe outbreak of bowel- 
complaints in a community should call the attention of the sanitary 
authorities to the condition of the water-supply. 

The experience in English towns has been reproduced in India. A 
remarkable instance is the case of the town of Burdwan, which carried 
out works for the supply of water for domestic purposes which were 
opened in December 1884. Previous to the construction of these works, 
the town was notoriously unhealthy, with a death-rate of 42 per thou- 
sand, which has now been reduced to 20 per thousand. In the town of 
Calcutta the death-rate now varies between 25 and 26 per thousand, 
although much remains to be done to perfect the present system of 
water-supply and drainage, which is rapidly approaching completion. 
The death-rate in the suburbs of Calcutta, in which wator-supply 
and sewage works are about to be commenced, is now between 44 
and 69 per thousand. The cholera death-rate has been reduced 
from an annual average of 4,056 to 1*492. The deaths from fever 
have been reduced in the following proportions : — 

Periods of three year.s. Total deaths from fever. 

1877— 1879 16,088 

1880—1882 11,180 

1883—1885 -10,891 

1886—1888 9,873 

A similar experience has followed the introduction of a pure 
water-supply into the Residency Bazars, Hyderabad, and into part 
of Cudderghaut (a large and important suburb of the City of Hyder- 
abad). 

In all localities and under all heads of disease a steady improve- 
ment has followed the introduction of drainage and w*ater worts. 

One thing is certain, wherever the use of unwholesome water 
has been supplanted by a purer supply, there cholera had consider- 
ably decreased. 

2259.— Ih it easy to f rove the relation of cause and effect between 
say certain constituents of impure water nnd diseases ? 

It is not. Indeed, it is one of the most difficult matters to satis- 
factorily prove the sanitary effect of certain impurities contained it 
water, that is, to show the connection between the results of at 
analysis, and the pathological ejffects produced by the use of thai 
water. This arises from our knowledge of the subject being lest 
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than is Thus, the good or bad effect of modeiutely 

hard waters containing chalk is an open question; and although 
waters containing sewage, metals, living organisms, animal refuse, or 
salts, in excess, , are decidedly objectionable, waters having traces of 
them may be used with impunity. It is, however, generally recog- 
nized that water can be considered good and potable when it is fresh, 
clear, without odour ; when its savour is very weak ; when it is 
especially neither distasteful, salt, or sweetish ; when it contains 
little of extraneous matters; when it is sufficiently aerated; when 
it dissolves soap without forming clots ; and when it cooks vegeta- 
bles well. 

2260 .-- What are the hygienic considerations connected with 
water rendered impure hy vegetable matter ? 

Vegetable matter may be present in water, which is 
characterised by its brownish tint, the dissolved impurities some- 
times do not exceed two grains per gallon. In the absence of a 
purer supply, a water of this description cannot be pronounced 
objectionable, provided that it is not stored in leaden cisterns and 
that the supply is constant. If stored in open air ponds or reser- 
voirs it is improved by oxidation and light ; and it is further im- 
proved by filtration through gravel and sand. 

Water which contains a considerable amount of vegetable matter 
partly in suspension and partly in solution, is decidedly unwhole- 
some. 

It has been known to produce violent outbreaks of diarrhoea, 
and since the days of Hippocrates downward, it has been popu- 
larly acknowledged to be productive of ague, and other malarious 
ailments. In India there are several special instances on record in 
which ague has been much lessened in small communities by using 
well, instead of surface water, and there are good grounds for 
believing that apart from the influences attaching to improved 
drainage, the great decline of this disease throughout many parts 
of England where it formerly prevailed, is in some measure due to 
the use of purer water (Parkes). 

It has been frequently stated that the readily oxidisable organic 
matters in water are the most dangerous. This opinion has pro- 
bably arisen from the idea that a substance in rapid chemical 
change is more likely to excite some corresponding and hurtful 
action in the body ; and it may be true, but there is no existing 
evidence which can be trusted on the point. There is, on the other 
hand, some evidence that animal matters forming fatty acids give 
rise to salts which, though not oxidising into pitrous and nitric 
acid, are as hurtful as the more oxidisable substances. 

With regard to the origin of certain diseases said to be due to 
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ibme fungi, it is quite possible that it is only when a wter oontttiii^ 
Bg these germs is undergoing progressive deterioration, an4 
i^xposed to certain conditions of weather camble of bringing about 
bhe multiplication of the germs, that these diseases arise. 

2261 . — For water to produce specific disease what is necessary T 

That it be contaminate^ with the maleries morhiy germ, or 
specific poison of that disease, which is usually one of the fungi. 

The injurious action of water contaminated by the specific 
poisons of disease is said by many to be unlimited both as to time 
and space — that once a water receives even a small specific contami- 
nation, it is ever afterwards dangerous, no matter how long or far 
it may flow or percolate. This is a very sweeping statement, and 
is contradicted by the fact of the proved wholesomeness of many 
waters that have been specifically contaminated. Indeed, were 
such an extreme view as this to be true, we in India should for ever 
be in danger of falling victims to fatal disease, for almost all rivers 
and wells are so contaminated.* 

There is happily another proposition established by experience— 
that the causes which produce high mortalities are within the 
control of local authorities, and by substituting pure water for dirty 
or suspicious water, and by the prompt removal of tilth, an 
abnormal death-rate may be considerably reduced and made to 
approximate to normal proportions. It is because this fact has 
been so thoroughly established, that the law gives large powers to 
the Municipal Boards to summarily deal with private rights and 
interests, in cases affecting the public health. 

2262 . — Show the effect of a pure water-supply upon communities 

by special examples f 


Kame of town. 

1 

Popula- 

tion, 

i 

I 

Expenditure 
on water- 
supply. 

Death-rate per thousand. 

Before intro- 
duction of 
public 

water-works. 

After intro- 
duction of 
public 

water-works. 

Chester 

S9,m 

£ 

74,816 

30 

1 

1 

! 23-3 

Gildersome 

4,000 1 

2,000 

27 

i Id- 

Hull 

149,000 

215,000 

31 

le- 

Manchester 

1,000,000 ; 

2,850,000 

33 

i 24-7 


Al7Tlioa*s Byglene ^ Water und Wats r-i 
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68163 .— cl table ahowing ihcU the inirodactvon of a ptitre i/oeuter^ 
supply decreases the death-rate of a town '/ 


That an impure and insuffieient water-supply is coincident with 
a high death-rate is shown in the following table: — 


Name of Town. 

Population. 

Water-supply, 
gallonB per 
head* 

1 

Death-rate 
per 1,000, 

Remarks. ' 

Christiana 

122,036 

397 

18-44 


London 

4,000,000 

31-25 

20-40 


Baltimore 

408,520 

64-00 

21-90 


Boston 

400,000 

73 30 

22-00 

1 

Philadelphia 

1,000,000 

64-15 

22-80 

u 

a 

Genoa 

137,037 

24-60 

22-57 

i ^ 

r ► 

Bangoou 

134, 17(5 

28-00 

22-92 

Stuttgart 

110,000 

26*40 

23-50 

.2 

Rotterdam 

162,139 

22-46 

23-50 

2 

'The Hague 

130,000 

17-60 

23-60 


* Chicago 

560,693 

102-50 

23-60 


Trieste 

146,357 

4-4 

30-00 


Lahore 

128,000 

10-00 

31 91 

Wells. 

St. Petersburg .. 

929,093 

2130 

35 20 

Polluted river.. 

’*Cairo 

450,000 


37 00 

Do. 

Madrid 

397,816 

3-3 

38-30 


Seville 

132,798 

7-26 

39 32 

Partly river. 

Delhi 

173,393 


47-86 

Wells. 

Ahmedabad 

124,767 


49-07 

Polhited. 

Pekin 

500,000 


50-00 

Subsoil water. 

Veramgam 

18,990 

( ' 

... 

01-24 



2264 .— was Prof. pARKEs’ opinion cos to the advisability of 
supplying communities with an abundant supply of pure 
and wholesome water f 

‘‘That although it is not at present possible to asign to every 
impurity in water its exact share in the production of disease, or to 
prove tlie precise influence on the public health of water which is not 
extremely impure, it appears certain that the health of the community 
always improves when an abundant and pure water-supply is given ; 
and, apart from this actual evidence, we are entitled to conclude 
from other considerations, that abundant and good water is a pri- 
mary sanitary necessity.” 

With regard to the necessity of an abundance of pure wholesome 
water, Sir John Simon remarks*: — 

“ The doctrine in general terms, that a vast influence is exercised 
over the health of communities by the quality of the water-supply 

* Health MejtorUt edited hj* the late Dr, £uvaiu> E, Seaton. 

36 
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which they consume, is one which, as far back in literature as any 
reference to such questions could be expected to exist, may seen 
to have universal medical consent in its favour, and during long 
ages of history the common instincts of mankind were even surer 
and stronger than undeveloped science. Of the many invaluable 
additions and improvements which medical knowledge has received 
during the last quarter of a century, scarcely any can, in my opinion,, 
be compared for practical importance to the discoveries which have 
given scientihc exactitudes to parts of the above stated general doc- 
trine, and have enabled us definitel}^ to connect the epidemic spread 
of bowel infections in this country (England) with the existence of 
certain faults of water-supply. Not only is it now certain that the 
faulty public water-supply of a town may be the essential cause of the 
most terrible epidemic outbreaks of cholera, typhoid fever, dysentery 
and other alliea disorders, but even doubts are widely entertained 
whether these diseases or some of them can possibly attain general 
prevalence in a town, except where the faulty water-supply develops 
them.*’ 

“ Water should be distributed not only to every house, but toevery 
floor in a house. If this is not done, if labour is scarcein the houses 
of poor people, the water is used several times ; it becomes a question 
of labour and trouble vemta cleanliness and health, and the latter too 
often give way. Means must also be devised for the speedy removal 
of dirty water from houses for the same reasons. In fact, houses let 
out in lodgings should be looked upon, not as single houses, but as a 
collection of dwellings, as they really are. 

2265.->Js extensive underground filtration effective in removing 
disease causes ? 

The epidemic of enteric fever in Lausenne in Switzerland, where 
-the specifically infected water which caused the outbreak, had passed 
underground through the earth for a distance of half a mile, shows 
that filtration, which was found at the time sufficient to prevent 
the passage of finely ground flour previously mixed with the 
water, was not capable of destroying or removing the specific 
disease poison. 

We know of a case where the current of the underground 
water striking around the cesspools of a house, on its way to the 
well used for the water-supply of this house, gave rise to a serious 
outbreak of typhoid fever, showing the necessity of either doing 
away with the cesspool-system in this particular case, or of 
adopting a different position for such cesspool. 

[The Kivers Pollution Prevention Act, 1876, provides that no 
rivers or streams shall be polluted through the admission of crude 
sewage, even from the existing sewers. The question then arises, 
how are we to deal with the sewage of towns, villages, and country 
mansions in a manner so as to be inoffensive f Numberless 
plans have been suggested for dealing with this question.] 
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aaee.-TT/ta^ cure the 'pathological indications of impure water* 
supply ? 

1. Diarrhoea .... 

2. Dysentery .... 

3. Dyspepsia .... 

4. Enteric (typhoid) fever 

5. Cholera morbus 

6. Scarlet fever .... 

7. Diphtheria .... 

8. Malarial diseases (a^ue, remittent 

fever, enlarged spleen and liver, 
anaemia) .... 

9. Furunculus .... 

10. Anthrax . . . . j 

11. Entozoa . . . .1 P^senoe of 

3 parasitic ova. 

From excess of lime 
and magnesia salts. 

13. Calculi. 

14. Sallowness of skin . 

15. Colic ..... 

] 6. Disorders of sensation . . From presence of lead 

17. Amaurosis . . . . ^ in injurious propor- 

18. Tremors .... tions. 

19. Paralysis 

20. Copper, zinc, arsenic, and mercury- 

poisoning . . . . ^ 

2267. — are the chief diseases arising from impure water ? 

Bowel complaints — cholera, dysentery, and diarrha3a ; malaria 
fevers and the diseases connected with malaria — ague, remittent 
fever, enlarged spleen, ana3mia or bloodlessness, and liver diseases; 
typhoid, enteric or bowel fever; dyspepsia or indigestion ; urinary 
calculi, goitre, external and internal animal parasitic diseases, as 
guinea-worm and round-worms. 

2268. — State briefly the relations existing between certain diseases 

and impure water ? 

Diseases due to impure water, are — Diarrhcea, due probably 
to the presence of organic matter, chiefly of animal origin. 
Suspended fine mica scales have also been accredited with the pro- 
duction of this disease. 

Dyspepsia, or more properly certain gastric symptoms to which 
ihe popular term dyspepsia is applied, are said to be caused by the 
use of bad water. 

Dysentery . — Several epidemics of this disease have been traced 
to the use of impure water, especially when impregnated with 
sewage. 


12. Bronchocelc (goitre) . 


Arising from contami- 
nation by decompos- 
ing organic matter 
or specific germs. 
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Ague and other malarious fevers. 

Miasmatic contagious disease. — Typhoid fever and cholera have 
been clearly traced to the use of impure water, and it is always 
advisable to examine the condition of water at the commencement 
of a sudden outbreak of either of these diseases. 

2269 . — For practical purposes what are the two chief classes of 

vegetable micro-organisms f 

(1). Some germs which are related to ordinary decomposition 
processes; and (2), connected with the production of certain specific 
diseases. That certain forms of micro-organisms bring about 
specific diseases, such as enteric fever, cholera, Ac., is now a 
generally recognised fact. These germs are the least readily de- 
terminable of ail impurities, evading all chemical examination. 

At present there seems no reason to think that common (putre- 
factive) feac/ma and ritriones are in themselves hurtful, but they 
indicate the existence of putrefactive organic matter, which is a 
danger. But there may be, and probably are, forms of bacteria 
which are more dangerous, and which may hereafter be distinctly 
differentiated by careful cultivation. 

The admixture of even a small quantity of these infected dis- 
charges with a large volume of drinking water is sufficient for the 
propagation of those diseases amongst persons using such water. 

2270 . — PT/iai effect is likely to be produced by organic matters ? 

The oxygen decreased, and the carbonic acid increased; the 

amount of nitrogen is usually constant. 

2271 . — is the more dangerous, fresh or putrefying sewage f 

The latter is decidedly the more dangerous. Putrefying sewage 

apart from containing the specific poison of disease, is probably the 
most dangerous impurity water can contain. 

2272 . — What is the relation of diarrhoea to drinking water f 

That diarrhoea may result from the drinking of impure water, 
no sanitarian will doubt. The diarrhoea thus produced may be of 
a varied character, and be due to a variety of causes. 

1, Sulphuretted hydrogen in a water may cause diarrhoea. In 
the Mexican War of 1861-62, a form of diarrhoea was produced 
the drinking of water abounding in alkaline sulphides (Fonc£t). 

edicinal sulphuretted waters (e.pr., those of Harrogate) are well 
known purgatives. Other foetid gases in water {e.g., sewer gases) 
may prince a similar result. 

Fcstid gases . — Water containing much hydrogen sulphide will 

S *ve rise to diarrhoea, especially if organic matter be also present. 

i the Mexican War (1861-62), the French troops suffered at Orizaba 
from a peculiar dyspepsia and diarrhcna, attended with immense 
disengag^ent of gas and enormous eructations after meals. The 
eruct^ gas had a strong smell of hydrogen sulphide. This was 
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traced to the use of water from sulphurous and alkaline springs ; even 
the best waters of Orizaba contained organic matter and ammonia in 
some quantity. The experiments of Professor Wjsber have shown 
what marked effects are produced by the injection of hydrogen 
sulphide in solution in water into the blood ; is it possible that water 
containing animal organic matter may occasionally form SH^ after 
absorption into the blood, and that the posionous effect of some water 
may be owing to this P The symptoms of poisoning by water contami- 
nated by sewage are sometimes very like those noted by Webek in his 
experiments, diarrhoea and even choleraic symptoms (lowering 
of temperature), and irritation of the lungs, spine, liver, and kidneys. 

The absorption of sewer gases, as when the overflow-pipe of a 
cistern opens into the sewers, will cause diarrhoea. This seems 
perfectly proved by the case recorded by Dr. Gkeenhow in Mr. 
Simon’s second report (Parkes). 

2. Suspended matters, animal (foecal), vegetable, and mineral, 
may cause diarrhoea, some of these — e.g., clay, mica, etc. — may 
act as simple mechanical irritants, whilst suspended animal and 
vegetable substances may act specifically upon the intestinal tract. 

3. Dissolved nitrogenous organic rnatier . — An excess of this 
if of animal origin, may provoke diarrhcea. That derived from 
cemeteries is generally supposed to do this in a marked manner. 
The writer’s experience is, however, that such dissolved matters 
are not generally more prone to do this than other animal substances. 

The animal organic matter derived from graveyards appears 
to be especially hurtful ; here also ammonium and calcium nitrites 
and nitrates may be present. 

Impure water plays an important part also in producing 
diarrhcea. This is especially the case if the impurity arises from 
decomposing animal and vegetable matter. But sometimes dis- 
solved or undissolved mineral matter also creates the disease, and 
many observations made on this latter point show that the diarrhcBa 
so prevalent on the hills is due to suspended mica scales, and finely 
divided particles of silica. 

Outbreaks of diarrhcna are also very liable to appear when 
well water becomes contaminated with the animal organic matter 
derived cither from graveyard or other sources, 

4. Dissolved mineral matters. — These, even when of the most 
simple and innocuous character, when in excess may have a pur- 
gative effect, as is seen in the case of many purgative medicinal 
waters. Sulphate of magnesium and sulphate ol calcium kre most 
notable as producing this effect. The illness produced may be of a 
Sjiecific character, as in the case of contamination by lead or by 
chromium. 

Dissolved mineral matferSf if passing a certain point, pro- 
duce diarrhoea. Boudin refers to an outbreak of diarrhoea at Oran» 
in Algiers, which was distinctly traced to bad water, and ceased on 
the cause being removed ; the composition of the water is not expli- 
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citlj given, but it contained lime, magnesia, and carbonate of soda* 
Sulphates of lime and magnesia also cause diarrhoea, following some-, 
times constipation. The selenitic well waters of Paris used to hav© 
this effect on strangers. Parent-du-Chatelet noticed the constant 
excess of patients furnished by the prison of St. Lazare, in conse- 
quence of diarrhoea, and he traced this to the water, which ** contain- 
ed a very large proportiop of sulphate of lime and other purgative 
salts and he tells us that Pinel had noticed the same fact twenty 
years before in a particular section of the Salpetriere. In some of 
the West Indian stations, the water drawn from the calcareous 
formation has been long abandoned, in consequence of the tendency 
to diarrhoea which it caused. 

Calcium nitrate waters also produce diarrhoea. A case is on 
record, in which a well water was obliged to be disused, in conse- 
quence of its impregnation with butyrate of calcium (105 grains per 
gallon), which was derived from a trench filled with decomposing 
animal and vegetable matters (Parkes). 

2273, — Whui is the relation hetwemi svspendcd animal and espe- 

cially foecal matters and diarrhoea ^ 

They have produced diarrhoea in many cases, such water always 
contains dissolved organic matters to which the effect may be partly 
owing. 

Ill cases in which the water is largely contaminated with sus- 
pended sewage, it is important to observe that the symptoms are 
often markedly choleraic (purging, vomiting, cramps and en some 
loss of heat). This point has been again noticed by Olden kop of 
Astrachan, who found marked cholera symptoms to be produced by 
the water of the Volga, which is impregnated with sewage. Seven 
cases in one houseof violent gastro-intestinal derangement (vomiting, 
diarrhoea, colic and fever) produced by water contaminated by 
sewage, which had passed into the cistern are recorded by Dr. Gible. 
In the prison at Halle an outbreak of diarrhcea, was traced by Dr. 
Dolbeuck to the contamination of water with putrid substanees. 
In St. Petersburgh the water of the ^N^eva which is rich in organic 
substances gives diarrhoea to strangers. 

Suspended animal and vegetable substances, washed off the 
ground by heavy rain into shallow wells, have often produced diar- 
rhoea, as at Prague in 1860. 

2274 . -^ Wliat relation has dissolved vegetable matter to diarrhoea? 

There is some evidence to show that this produces diarrhcea. 
Wankltn cites the case of the Leek workhouse and also that of 
Biddulphmoor, in both of which vegetable matter in solution 
appeared to produce diarrhoea (Parkes). 

Vegetable matters in water in solution or suspension may cause 
diiarrhoea. Water drawn from peat is not objectionable ; it should 
not be stored in lead cisterns, and should be filtered before it is 
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used ; it has been known to oanse diarrhoea. Water from marshes 
shbnld be avoided, it may cause diarrhoea. 

2276 .— W/iai ts the relation between dissolved animal' organic 
matter and diarrhoea ? 

The opinion is very widely diffused that dissolved putrescent 
animal organic matter, to the amount of 4 to 14 parts per 100,900 
may produc.e diarrhoea. This is possibly correct, but two points 
must be considered, 1st, that there are usually other impurities 
which aid the action of the organic matter, and, 2nd, that organic 
matter, even to the amount of 14 to 21 parts per 100,000 may exist 
without bad effects if it be perfectly dissolved. In the latter case, 
the water is, however, always clear and sparkling, never tainted or 
disagreeable. The frequent presence of other impurities renders it 
difficult to assign its exact influence to dissolved organic 
matters. 

In the case of a well-ventilated court in Coventry, where diar- 
rhoea was constantly present, the water contained 8T part per 
100,000 of volatile and combustible matter, but then it contained 
also no less than 150 parts of fixed salts, which, as the water had a 
permanent hardness of 74 degrees (metrical scale) after boiling, 
must have contained considerable quantities of calcium and mag- 
nesium sulphates and chlorides. It also contained alkaline salts, 
nitrates and ammonia. The composition was therefore so complex, 
that it is difficult to assign to the organic matter its share in the 
effects. The animal matter derived from graveyards appeared to 
be especially hurtful, here also ammonia and calcium nitrates and 
nitrites may be present.* 

2276 . — T7/ta^ is the relation of suspended vegetable substances to 

diarrhoea ? 

In England and also in the late American Civil War, several 
instances have occurred of diarrhena arising from the use of surface 
and ditch water, which ceased when wells were sunk ; possibly there 
might bo also animal contamination. It is not therefore quite 
certain that sns] tended vegetable matter was the vera causa. 

2277 . — Is vegetable matter injurious f 

Yes, excess of it either in suspension or solution may cause 
diarrhoea. 

2278 . — IF/^nf Is the relation between suspejided mineral substances 

and diarrhoea ? 

Clay or marl, as in the cases of the water of the Maas, the 
Mississippi, the Missouri, Hio Grande, Kansas, of the Ganges, and 
many otner rivers — will at certain times of the year produce diar- 
rhoea especially in |)ersons unaccustomed to the water. The hill 
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diarrhoea at Dharamsala and other hill stations in India, as Bailee* 
ling, is produced apparently by suspended very fine scales of mica. 

2279 . — TFAai i$ the relation offceiid gases in water to diarrhma ? 

Jpoetid gra«e«.— Water containing much hydrogen sulphide will 
give rise to diarrhoea, especially if organic matter be also present. 

The absorption of sewer gases, as when the overflow-pipe of a 
oistem opens into the sewers, will cause diarrhcea. 

2280 . — TFAat special agents in tanJc water has been known to 

give rise to disease ? 

Excess of mineral matters, particles of mica and silica, with 
organic salts, which may give and has given rise to, diarrhoea, 
dysentery, and even ulceration of bowels, dyspepsia, etc., in those not 
accustomed to it. 

2281 . — TF7i.ai rules did the late Prof. Pajikjss lay down in regard 

io the relation heiivcen impure water and disease 

1. An endemic of diarrhoea, in a community, is almost always 
owing either to impure air, impure water, or had food. If it affects 
a number of persons suddenly, it is probably owing to one of the 
two last causes : and if it extends over many families, almost cer- 
tainly to water. But as the cause of impurity may be transient, it 
is not easy to find experimental proof. 

2. Diarrhoea or dysentery, constantly affecting a community, 
or returning periodically at certain times of the year, is far more 
likely to be produced by bad water than by any other cause. 

3. A very sudden and localised outbreak of either enteric 
fever or cholera is almost certainly owing to introduction of the 
jioison by water. 

4. Tlie same fact holds good in cases of malarious fever, and, 
especially if the cases are very grave, a possible introduction by 
water should be carefully inquired into. 

5. The introduction of the ova of certain entozoa by means of 
water is proved in some cases— is probable in others. 

2282 . — is the relation of certain forms of impurities in 

water io dyspepsia ? 

Symptoms which may be referred to the convenieilt term 
dyspepsia, and which consist in some loss of appetite, vague un- 
easiness or actual pain at the epigastrium, and slight nausea and 
constipation, with occasional diarrhoea, are caused by water con- 
taining a large quantity of calcium sulphate and chloride, and the 
magnesian salts. Dr. Sutherland found the hard water of the red 
sandstone rocks, which was fonnerly much used in Liverpool, to 
have a decided effect in producing constipation, lessening the 
secretions, and causing visceral obstructions ; and in Glasgow, the 
substitution of soft for bard water lessened, according to Dr. Leech, 
the prevalence of dyspeptic complaints. It is a well-known 
fact that grooms object to give ‘herd water to their horses, 
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on the ground, that it makes the coat staring and rough — a result 
which has been attributed to some derangement to digestion. The 
exact amount which will produce these symptoms has not been 
determined, but water containing more than 8 grains of each sub- 
stance individually or collectively appears to be injurious to many 
persons. This would correspond to about 10 degrees of permanent 
hardness. A much less degree than this will affect some persons. 
In a well water at Chatham, which was found to disagree with so 
many persona that no one would use the water, the main ingre- 
dients were 19 grains of carbonate of lime, 11 grains of calcium 
sulphate, and 13 grains of sodium chloride per gallon. The total 
solids were 50 grains per gallon. In another case of the same kind, 
the total solids were 58 grains per gallon, the calcium carbonate 
was 22, the calcium sulphate 11, and the sodium chloride 14 grains 
per gallon. 

Iron, in quantities sufficient to give a slight chalybeate taste, 
often produces slight dyspepsia, constipation, headache, and 
general malaise. Custom sometimes partly removes these effects. 

2283 . — TF/tae ia the relation of marsh water to malarial diseases^ 

Marsh water has, however, from early times been considered 
unwholesome and a provocative of disease. Hippocrates refers to 
the popular notion in his time, that those who drink the water of 
marshes get hard and enlarged spleens. ^Phe inhabitants of marshy 
tracts of country are pretty generally agreed that these waters 
may produce fevers. 

2284 . — May water cause malarial diseases T 

It may. Ague, and other malarial diseases, although mostly 
caused by breathing malarial air, is sometimes due to water. That 
marsh water creates enlarged s])lecn and ague was known to 
the ancients. 

Aproi )08 of this origin of ague, we might relate the case of a 
European officer who recently arrived in India and went on a 
shooting excursion. On the first day he forgot to convey his 
bottle of water, and was obliged to drink the impure water of a 
swamp or j heel. The afternoon he did so he suffered from a severe 
attack of ague, and the following morning had s 3 ^mptoms of an 
attack of acute dysentery. 

That the drinking of marsh water is a cause of intermittents, 
has been so general!}^ adopted that the possibility of the intrcKluc- 
tion of the cause by means of water, as w’oU as of air, was over- 
looked. Still, it has been a Yvry general belief among the inhabi- 
tants of marshy countries that the water could produce fever. 
Henry Marshall says that the Singhalese attribute fevers 
to impure water “ especially if elephants or buffaloes have been 
washing in it,” and it is to be presumed that ho referred to 
periodical fevei*s. On making some inquiries of the inhabitants of 
the highly malarious plains of Troy during the Crimean War^ 
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Dr. Parkks found the villagers universally stated, that those who 
drank marsh water had fever at all times of the year, while th^se 
who drank pure water only got a^e during the late summer and 
autumnal months. The same belief is prevalent in the South of 
India and in Western Candeish, Canara, Balaghat, and Mysore, 
and in the deadly Wynaad district, it is stated by Mr. Bixlington, of 
the Madras Civil Service, that it is notorious that the water 
produces fever and affections of the spleen. The essay by this 
gentleman gives, indeed, some exti*emely strong evidence on this 
point. He refers to villages placed under the same conditions as to 
marsh air, but in some of which fevers are prevalent, in others 
not; the only difference is, that the latter are supplied with pure 
water, the former with marsh or nullah water mil of vegetable 
debris. In one village there were two sources of supply — a tank 
fed by surface and marsh water, and a spring; those only who 
drank the tank water got the fever. In a village (Tulliwaree) no 
one used to escape the fever; Mr. Billington dug a well, the fever 
disappeared, and, during fourteen years had not returned. 

Another village (Tarabatz) was also notoriously unhealthy ; 
a well was dug, and the inhabitants became healthy. Nothing 
-can well be stronger than the positive and negative evidence 
brought forward in this paper. Dr. Moohe also noted his 
opinion of malarious diseases being thus produced, and M. CoM- 
MAELi/E has since stated, that in Marseilles paroxysmal fevers 
formerly unknown have made their appearance since the supply to 
the city has been taken from the canal of Marseilles. In reference 
also to this point, Dr, Town send, the Sanitary Commissioner for 
the Central Provinces in India, mentions that the natives have a 
current opinion that the use of river and tank water in the rainy 
season (when the w'ater always contains much vegetable matter) 
will almost certainly produce fever, (i.e., ague), and he believes 
there are many circumstances supporting this view. In this way 
the prevalence of ague in dry elevated spots is often, he thinks, to 
be explained. He mentions also, that the people who use the 
water of streams draining forest lands and rice fields, suffer 
more severely from fever (ague) than the inhabitants of the open 
plain drawing their water from a soil on which wheat grows. In 
the former case there is far more vegetable matter in the water. 
The Upper Godavery tract is said to bo the most aguish in the 
province, yet there is not an acre of marshy ground, the people use 
the water of the Godavery, which drains more dense forest land 
than any river in India. 

In the “ La veils” (of south-west of France the water from 
the extensive sandy plain contain much vegetable matter, obtained 
from the vegetable deposit, which binds together the siliceous 

g ^ticles of the subsoil. It has a marshy smell, and, according to 
'aube, produces intermittents and visceral engorgements. Dr. 
Blake, in his papers on Abyssinia, mentions that on the march from 
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Ma 4 Si 80 wah to the Highlands, Mr. Paideatjx and himself, who drank 
water only in the form of tea or cofEee, entirely escaped fever, 
while the others who were less careful suffered, and, as Dr. Blane 
believes, from the water. 

The same facts have been noticed in England. Many years 
ago Mr. Blomeh, of Bedford, mentioned a case in which the ague of 
a village had been much lessened by digging wells and he refers to 
an instance in which in the parish of Houghton, almost the only 
family which escaped ague at one time was that of a farmer who 
used well water, while all the other persons drank ditch water. At 
Shurness the use of the ditch water which is highly impure with 
vegetable debris has been also considered to be one of the chief 
causes of the extraordinary insalubrity. 

At Versailles a sudden attack of ague in a regiment of cavalry 
was traced to the use of surface water, taken from a marshy 
district. 

The case of the “ Argo” recorded by Boudin, is an extremely 
strong one. In 1834, 800 soldiers in good health embarked in three 
vessels to pass from Bona in Algiers to Marseilles. They all 
arrived at Marseilles the same day. In two vessels there were 
680 men without a single sick man. In the third vessel, the “ Argo,” 
there had been 120 men ; thirteen died during the short passage 
(time not given), and of the 107 survivors no less than 98 were 
disembarked with all forms of paludal fevers, and as Bowdin him- 
self saw the men, there was no doubt of the diagnosis. The crew 
of the “ Argo” had not a single man. 

All the soldiers had been exposed to the same influence of 
atmosphere before embarkaition. The crew^ and the soldiers of the 
“ Argo” were exposed to the same atmospheric condition during 
the voyages, the influence of air seems therefore excluded. There is 
no notice of the food, but the production of malarious fever from 
food has never been suggested. The water was however different, 
in the two healthy ships the water was good. The soldiers on board 
the Argo” had been supplied with winter from a marsh, which 
had a disagreeable taste and odour : the crew of the “Argo” used 
pure water. The evidence seems here as nearly complete as could 
be wished. 

One every important circumstance is the rapidity of develop- 
ment of the malarious disease and its fatality when introduced in 
water. It is the same thing as in the case of diarrhoea and dysentery. 
Either the fever-making cause must be in larger quantity in water, 
or, what is equally probable, must be more readily taken up into 
the circulation and carried to the spleen than when the cause enters 
by the lungs. 

In opposition, however, to all these statements 'must be placed 
a remark of Finke’s, that in Hunga^ and Holland, marsh water is 
daily taken without injury. But in Hungary, Dr. Grosz states that 
to avoid the injurious effects of the marsh water, it is customary to 



672 


WATER. 




mix Condy with it “ a custom which favors hypertrophies of tha 
internal organs.’* Jprofessor Oolin, of the Yal de Grrace, who is so 
well known for his researches on intermittent fever, is also inclined 
to question the production of paroxysmal fevers by marsh water. 
He cites numerous cases in Algiers and Italy, where impure marsh 
water gave rise to indigestion, diarrheea, and dysentery, but in no 
case to intermittent fever, and in all his observations he has never 
met with an instance of such an origin of ague. He therefore denies 
this power, and in reference to the celebrated case of.the ‘‘ Argo” 
without venturing to contest it, he yet views it with suspicion, and 
the question whether Boudin has given the exact results. An in- 
structive case, however, is recorded by Brigade- Surgeon Faugiit. 
The artillery quartered at Tilbury Fort (in the Gravesend district) 
have generally suffered more or less from ague, whilst the people 
at the railway station, and the coast guard and their families in 
the ship lying just outside the fort never suffered from malarious- 
poisoning. The troops have been supplied with drinking water 
from the underground tanks which receive rain water from the 
roof of the barracks, whilst the other persons above mentioned 
draw their drinking water from a spring near the railway station. 
From December 1873 to July 1874 the troops were supplied from 
the same source on account of the ban*ack tanks being out of order. 
At stations where care is taken with the water-supply and espe- 
cially where suspended matter is prevented as much as possible 
from getting into the water, the disease is slight. The introduc- 
tion of a pure water-supply in inland stations in India is invariably 
connected with improved general health, but specially with decrease 
in malarial diseases, 

2286 .— Gire an \n%iance of eotcesnvc annual rainfall oavAing 
malarial disease. 

A remarkable instance of excessive raintall, causing an outbreak 
of malarial disease, occurred at Kurrachee, in Scinde, in 1869. 
The average annual rainfall in Scinde in 11 years (1856-66) was only 
6*75 inches; and the greatest rainfall in that time was 13*9 inches 
(1863). In 1867 the rainfall was 2*73, in 1868 it was 3*36 inches, 
while in 1869 it reached the unprecedented amount of 28*45 inches ; 
of which 13*18 fell in July and 8*39 inches in September. April, 
May, October, November, and December were rainless. The Ist 
Batt.,2l8t Regiment, had the following attacks of parojy^sraal fever 
per IjOOO of strength : — In April, none ; in May, 9 ; in June, 39; in 
July, 30; in August, 93; in September, 105; in October, 189; in 
November, 1,004; and in December, 644. In December the regiment 
was embarked for Madras, as it bed “thoroughly lost heart.” The 
disease was not fatal, as the death-rate for the year, from all causes, 
was only 25*7 per 1,000. At Kurrachee, as the rainfall is usuallysa 
small, the ground dries fast, and is then non-malarious. 
ground is dat, and there is no subsoil drainage. 1 n 1866» when 
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there was heavy rainfall (13*75 inches), there was also a develop- 
ttient of malarial disease, which was continued in 1867.* 

Impure water is credited with being a fertile source of 
■dysentery. The connection of this disease with the use of impure 
water has been well recognised for many decades. 

Chbvees in India, Ohampouillon in France, and McG rigor in 
the Spanish Peninsula, have each observed outbreaks of dysentery 
from the same now well-recognised cause. Generally, it may be 
stated that those forms of water-pollution — gaseous, soluble, and 
suspended matters — which produce diarrhoea may, under other 
‘Circumstances, produce dysentery. 

is the relation of cholera to the consumption of 
impure water ? 

In lower Bengal, and in some of the larger towns and cities 
of India, cholera is endemic. It has occasional epidemic out- 
breaks in those places, but an entire cessation of the disease rarely 
occurs, or occurs only at certain seasons of the year. When the 
circumstances under which this dreadful disease takes place are 
present, and it has once made it appearance, it may spread to an 
indefinite extent. Water is one of the chief means by which cholera 
is spread. There are doubtless other agencies through which it 
may be diffused, such as impure air, toul clothes, etc., yet water, 
in most outbreaks, plays an important part in this respect. This 
is shown from the great decrease of the disease in Calcutta and 
Madras since a supply of pure water to those cities has been intro- 
duced. The chief water-supply of Calcutta was formerly from open 
tanks and the Hoogly river. The tanks were subjected to con- 
tamination in various ways. Into the river Hoogly the night soil of 
the city was allowed to flow, and dead bodies (many probably the 
corpses of deceased cholera patients) were thrown. The matter was 
inquired into and a new and improved water-supply was started, 
with the result that the number of cholera cases has decreased by 
one-half. 

A few instances will show how impure water brings about 
cholera. Several hundred emigrants were on board a ship in the 
Indian Ocean. All the people used the drinking water that was 
supplied in Calcutta from the public hydrants, one of the coolies 
got cholera. The issue of Calcutta water was prohibited, and pure 
water, distilled from the sea, used instead. The distilling apparatus 

f ot out of order, and Calcutta water had to be used once more. 

he day this was done several fresh cases of cholera occurred. The 
only conclusion to be arrived at is that the water in the public 
hydrants was contaminated. But how is the water rendered impure 
in such a way as to give rise to cholera P It is generally believed 
that the poison of cholera exists in the excreta of patients suffering 
from the disease, and that water becomes in some way or other 
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^Meoted by these ^excreta. In many outbreaks, the soiling of the 
Water by the excrement of cholera patients has been proved, A 
notable instance occurred in London in 1854. A little girl was 
attacked with cholera in the streets. Her evacuations were passed 
near a pump, the material finding its way to the water in the pipes 
below. In ^ hours, 146 persons suffered from the disease, and all 
those who suffered obtained their water from this pump. Further, 
at this time, a woman living some miles away, got tne disease, and it 
was proved that this person, preferring the water from that particu* 
lar hydrant, used it with the result recorded. 

Pew of the earlier investigations of cholera appear to have 
imagined that the specific poison might find entrance by the means 
of drinking water. There is an intimation of the kind in a remark 
by Dr. Muller, and J ameson alludes to the effect of impure water, 
but in a cursory way. 

In 1849 the late Dr. Snow in investigating some circumscribed 
outbreaks of cholera in Horsleydown, Wandsworth, and other 
places came to the conclusion that, in these instances, the disease 
arose from cholera evacuations finding their way into the drinking 
water. Judging from the light of subsequent experience, it now 
seems extremely probable that this was the case, and to Dr. Snow 
must certainly be attributed the very great merit of discovering 
this most important fact. At first, certainly, the evidence was de- 
fective, but gradually fresh instances were collected, and in 1854 
occurred the celebrated iostance of the Broad Street Pump in 
London, which was investigated by a committee, whose report 
drawn up by Mr. John Marshall, of University College, with great 
logical power, contains the most convincing evidence that, in that 
instance, at any rate, the poison of cholera found its way into the 
body through drinking water. 

In 1855 Dr. Snow published a second edition of bis book, 
giving an account of all the cases hitherto known, and adding 
gome evidence also as to the introduction in this way of other 
specific poisons. 

Cholera is endemic — that is, it is always present to a greater or 
less extent — in Lower Bengal. It has there occasional epidemic 
outbreaks ; but an entire cessation of the disease occurs only for a 
few months of the year. In several of the large towns and munici- 
palities of India, it is also endemic, as in Calcutta, Bombay, Benares, 
Hyderabad and its suburbs, etc. When the conditions favourable to 
the propagation of this disease are present, and it has once made its 
appearance, it is liable to disseminate to an unlimited extent. Water 
is one of the chief means by which the disease is spread. There are 
doubtless other agencies by which it is diffused, such as air speci- 
fically contaminated, foul clothes, food, etc., yet water in most ou4>- 
breaks plays an important part in this respect. This is shown from 
the decrease of the disease in all those areas where it was endemic 
on the establishment of a permanent supply of pure water — Calcutta 
and Madras for example. 
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The water-supply of Calcutta was formerly from open tanks 
and wells, and the Hoogly river. The tanks and wells were con- 
stantly subjected to various forms of pollution. Into the Hoogly 
the night-soil of the city was allowed to flow ; and dead bodies 
(many probably the corpses of deceased cholera cases) were thrown. 
A new and improved water-supply was started some years ago with 
the happy result of a decrease in the general death-rate, and in 
particular of mortality from cholera. A similar statement holds 
good of Madras. Sir John Simon writes : “ The discharges from 
the bowels of infected patients, escaping into wells and other 
water- courses, are indubitably a powerful means of contagion. 
Water so polluted has been at the bottom of many widespread and 
decimating epidemics.” The whole of the literature of hygiene or 
])reventivc medicine is pervaded with thoroughly authenticated 
instances to prove this. 

2287 . — Give any s^peeial inaiances of this hind that have conie under 
your own observation. 

A few instances that have come under our own observation will 
serve to show how impure water brings about cholera : — 

(1) When in charge of several hundred Indian emigrants on 
board a sailing vessel in the Indian Ocean, cholera broke out. All the 
people had m) to this time used the drinking water put on board at 
Calcutta. The issue of this water was at once prohibited and dis- 
tilled sea-water used instead. But the distilling apparatus got out 
of order, and we were obliged to return to the Ualcutta water. The 
day we resumed its use several fresh cases of cholera took place. 
The only conclusion one can come to is that the Calcutta water was 
polluted in such a manner as to be capable of creating the disease. 

(2) In investigating the cause of an outbreak of cholera 
amongst mmowaddera (daily labourers) near the village of Khair- 
atabad (Hyderabad, Deccan), we discovered that the people attacked 
procured their water from a putrid pool close at hand. As each 
person lived separately, there is reason to consider that they were 
all affected by a common cause, and that cause wc believe to be the 
poison contained in the foul water they drank ; for, on stopping the 
use of the water, the disease disappeared from the locality. 

(3) On another occasion, on the confines of the village of Khair- 
atabad, we saw a woman washing the soiled clothes of her* deceased 
husband (who had succumbed to choleni) in a small tank, from 
which several people were at the time drawing water for drinking 
jiurposes. The tank was, of course, at once closed, but the truth of 
the astonishing ignorance of the lowest classes of the people remains, 
and causes ua to wonder that a disseminating epidemic has not 
visited us long ere this. Such facts as these should arouse the 
energies of every intelligent being to do his utmost to disperse a 
knowledge of the rudiments of sanitation throughout the length and 
breadth of this Empiinj. Cholera prevailed in this village for several 
days after this. 
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(4) Last year while seeking the cause of cases of cholera iu 
Begum Bazaar, a suburb of Hyderabad, we entered several huts where 
patients were suffering from the disease. In one hut we found a man 
prostrated with cholera. He had passed his stools on the ground 
around, and had vomited on several parts of the floor, soiling also his 
cooking utensils and a loiah. On making enquiries we found that his 
wife had just drunk watei; out of this very lotah. The man recovered, 
but his unfortunate wife died of ' the disease, the victim of appalling 
ignorance. 

[A direct proof of the contagiousness of the excreta of cholera 
patients is given in the following often-cjuoted cases. A small 
quantity of a cholera stool was mixed by accident in water contain* 
ed in an earthenware vessel. The chatty was exposed to the sun 
for many hours. Next morning nineteen persons each swallowed a 
small quantity of this water. Within 35 hours, five of them were 
seized with cholera. Instances of outbreaks of cholera from 
water specifically contaminated by the excreta of cholera patients 
abound in medical and hygienic literature ; we would add but the 
few foregoing to the long list already in existence. As we have 
said before, cholera arises in other ways than through polluted 
water, but there is a consensus of opinion amongst authorities on 
the subject, to the effect that impure water is the main factor that 
brings about its extension. We need not enter into this relation, 
except in stating that it is now lieyond doubt that some of the most 
appalling outbreaks of cholera have been definitely linked with 
impure water-supply. In the year 1879 five millions of people died 
in India, 3^ millions from fever, and 265,000 from cholera. In the 
Chudderghaut Municipality in the year 1888 there occurred 736 
cases. About fths of these proved fatal. Against the polluted 
water theory of cholera production is the fact, that most of those 
who drink such water escape cholera. But the same may be said 
with regard to enteric fever, and to us this exemption indicates 
that two factors are necessary to the production of cholera — 
(1) a specific poison (be it a bacillus, or ptomaine or animal 
idkaloid, or organic poison), and (2) a good nidus or breeding ground 
in the alimentary tract of the individual consuming the water, 
giving rise to a susceptibility to the disease.] 

22BS.--What two diseases are said to he specially related to the 
level of the subsoil water ? 

Cholera and enteric fever. 

2 B 89 .— iJave any observers confirmed Pettenkofek’s theory ? 

Yes, in the report of D. D. Cunningham and the late B. T. 
Lewis it was shown that cholera at Calcutta in 1878-4 followed 
the curve of the ground water-level inversely that is exactly in 
accordance with Pettenkofeh's views. 

The existence of specific poisons, ca|:wble of producing 
cholera and typhoid fever, is attested by evidence so abundant 
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mid st^on^ £ts to bo practically irresistiblo. These poisons are 
ocmtiaii^sd in the discharges from the bowels of persons sn£Serin|^ 
from these diseases. 

Cholera and enteric fever, diarrhcna and dysentery, we know, to 
he sometimes spread by means of infected or polluted water. 

Drinking •water has been found to be so closely associated with 
several outbreaks of cholera in England and India, as to leave no 
room for doubt that it is an occasional factor of the highest im- 
portance. 

Sd90 . — Give the details of what is hnovm as the Broad Street 
Pump outbreak of cholera ? 

The district, in which a formidable outbreak of cholera occur- 
red, had a population in 1851 of 42,272, and was not a low-class dis- 
trict. During August, 1854, cholera was prevalent in the locality 
but not to a serious extent, but on September 1st the disease broke 
out with fearful violence, and continued till the morning of the 5th^ 
when it began to abate. One of the chief features of this memo- 
rable outbreak was its suddenness, and the large number of ni- 
di viduala simultaneously attacked in different parts of the district. 
The total number of deaths from cholera recorded in September in 
this limited area was 609, or 14*2 per 1000 of the population. This 
district contained a public pump — the Broad Street pump ; and 
this pump was the centre of the infected district, for starting 
thence, a person walking at a moderate pace in any direction would 
have gone beyond the limits of the infected area within three 
minutes. A special examination showed that the water of the well 
was contaminated by filtration from a cesspool during the time 
of the cholera outbreak. Though the water of the well was 
grossly impure, it was in great repute throughout the neigh- 
bourhood for drinking purposes, and was much liked, being cool, 
sparkling with carbon dioxide gas, and keeping well, in consequence 
qi the large quantity of saline matter it contaiimd. But on ex^sure 
to the air for a few hours it lost its freshness, and became offensive 
in a few days. Dr. Snow was able to show that not only was the 
outbreak, properly so called, principally confined to the area about the 
pump, but that 61 out of 7H persons who died during the first twa 
days had been accustomed to drink the pump-water ; that in the 
workhouse, whore the well-water was not used, the deaths froih 
cholera were only one-tenth of the ratio prevalent in the neighbour-» 
hood; that no less than 9 per cent, of the people in a factory wher^ 
the water was drunk daily died ; and that 70 men employed in a 
brewery in Broad Street, and who never drank the wat^, aU espappa 
cholera. Investigation of mumerous individual cases entirely cos^ 
firmed the conclusion that the Broad Street pump water was mainlty 
instrumental in propagating the outbreak of disease. 

8201 . — Give the details of the 1866 outhrea^ connected wiih ihe 
. Mast London Water Company snpply ? < i 

Perhaps a still more striking experiment was made in the east dif 
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LoDLdOn, in the cholera outbreak of 1866, by the East Loudoti 
Water Company, which, in the language of the Rivera Pollution 
Oommisaioners ( ‘ Sixth Rep.,‘ p. 146) diatributed * unfiltered water 
Excessively polluted with sewage, and which, in the opinion of 
Netts)} Radclife, was specificcdly contaminated with the excrement 
of the first two patients who died in that year of cholera in the east 
districts of London.’ Now the district of the East London Company 
supplied with water from this Old Ford reservoir, was the portion 
of their district which was the sole area of intense cholera in London 
in 1866. Again to quote Sir John Simon’s words, ‘ The area of 
intense cholera in 1866 was almost exactly the area of this parti- 
cular water-supply, nearly, if not absolutely, confined to it and 
scarc^, if at all, reaching beyond it ’ {Ibid., p. 144). 

[Water from water-courses, canals, ditches, and rivers is mostly 
very impure, and is liable to carry disease-causes. Thus the epidemic 
of cholera which visited the south of London in 1864, was caused 
by the distribution of impure Thames water, and that which visited 
the east of London in 1866, was produced by the distribution of 
contaminated water of the river Lea.] 


2292 .— Give some specific instances in which cholera-rate has be^n 
reduced by the introduction of a pure water-supply. 


Calcutta 7 
Madras ) 


Said to he reduced by cent, per cent. 


Residency Bazars, ) C No outbreak since introduction of 

Eyderabad ) ’ ’ X public water-supply in 1888. 

2293.^ What are the general facts known in relation to the 
connection between impure water and cholera 't 


According to the late Prof. Parkes there may be summed up as 
as follows ; — 

Local outbreaks, in which contamination of the drinking water 
was either proved or in which the evidence of the origin and succea* 
sion of cases seemed to make it certain that the cause was in the 
drinking water. In England, Dr. Snow and others have thus record- 
ed cases occurring in 1849 and 1864 at Horsleydown, Broad Street, 
Wandsworth, West Ham, etc. In 1866, the important outbreak at 
Newcastle-on-Tvne, being investigated showed that all the circum- 
stances pointed very strongly to the influence of the impure 
iWe water. In 1865 occurred the remarkable and undoubted case 
of water-poisoning at Theydon Bois, recorded by Mr. Radcliffe, and 
in the following year the violent outbrefdc in the east of London was 
supposed to be connected with the circulation of impure water by 
the East London Water Works Company. Much discussion has 
taken place as to the real influence of the impure water, which it is 
admitted on all hands was used. Mr. Radcutfe and Dr. Fajsb 
Ofdlected the evidence in favour of the opinion that the sudden out- 
burst was really owing to this water ; while Dr. Lxtheby and sopaio 
iolters express^ doubts on this point, chiefly on account of 
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•diffioulty of FecoQciling with the hypothesis certain exceptional casei^ 
both of immunity and of attack. The evidence in favour of the 
water being the cause appears extremely strong, and far ^eater 
difficulty arises if that view is not received than is caused by the 
exoeptional oases referred to, of which we may not know all the 
particulars. 

in 1849 the late Dr Snow, in investigating some circumscribed 
outbreaks of cholera in Horsleydown, Wandsworth, and other places, 
came to the conclusion that, in these instances, the disease arose 
from cholera evacuations finding their way into the drinking water. 
Judging from the light of subsequent experience, it now seems 
extremely probable that this was the case, and to Dr. Snow must 
eertainly be attributed the very great merit of discovering this 
most important fact. At first, certainly, the evidence was defective^ 
but gradually fresh instances were collected, and m 1854 occurred 
the celebrated instance of the Broad Street pump in London, which 
was investigated by a committee, whose report, drawn up by Mr. John 
Marshall, of University College, with great logical power, contains 
the most convincing evidence that, in that instance at any rate, the' 
poison of cholera found its way into the body through drinking 
water. 

Ill 1855 Dr, Snow published a second edition of his book, giving 
4iccount8 of all the cases hitherto known, and adding some evi- 
dence also as to the introduction in this way of other specific poisons. 

In Germany cholera water-poisoning has not only been less 
noticed, but the great authority of Pettenkofer is against its 
occurrence. At Munich, Pettenkofer could find no evidence what- 
^ever in favour of the spread by water, nor does he consider that 
any further evidence was furnished by the epidemics m Germany 
in 1873-4. Even Hirsch, who ivas favourable to the water theory, 
-expresses himself wfth considerable caution ; and Guntper, in his 
earefnl work on Cholera in Saxony, asserts that no influence what- 
ever was exerted by drinking water. No evidence could be obtained 
either in Baden or in villages near Vienna. And as in all coses the 
observers were not only quite competent, but were fully cognizant 
of the opinions held in England, this negative evidence is of great 
weight. At the same time, it cannot be allowed to outweigh the 
English cases, and, moreover, even in Germany some positive evi- 
dence has been given. 

Authorities are agreed that a well or other water-supply source 
poisoned with cholera excrement, or enteric stools, or containing 
an excessive amount of organic filth is injurious to health. 

9S94— TF7»af ta therelcUion between the evheoil water level and 
V the occurrence of cholera and enteric fever ? 

Wh find that the level of the subsoil water alters very much dur- 
ing the year. It is supposed by Prof. Pettenkofer that epidemic 
outbreaks of both enteric fever and cholera are coincident witlt 
changes in the water level of the soil. This ho considers especiallj**' 
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tilo case in IcxMse or gravelly soil, when well water ie i 
which has been taken from wells sunk into such soil, which haa 
beeti ooBtaminated by human excrement. According to thin 
authority low water under these conditions, or a rapid rise in the 
water line after being low, or any great or sudden change in the 
water level, is sure to be followed by an epidemic of enteric fever* 
It appears that a process of development of matters excreted from 
tbe numan body is necessary, in order to secure the evil results 
arising from excrementitious pollution of water, and this develop- 
ment in part takes place in contact with the soil ; or certain 
organic changes occur in tbe soil, which could only be secured by a 
ehange in the water level. The fluctuating water line simply acts 
mechanically in furthering the processes of nature. We are of 
opinion that without tbe fluctuation in the water level, excromental 
pollution appears to be inoperative in producing epidemic disease, 
in Indi^ cholera produces the greatest mortality at a time coinci- 
dent with the lowest levels ox the subsoil water. A fluctuating 
water line alone, however, is not the cause of disease, as we oan 
well understand ; for subsoil water may fluctuate and produce the 
most healthful results by promoting an aeration and purificaiion of 
the soil. Disease, is the result of excremental pollution of the soil, 
favored by certain descriptions of soil and variation in the subsoil 
water level within that soil. Those who design systems of sewers 
or drains will do well to remember when water is met within the 
soil, that this water may become a destructive agent to health and 
Hfe by reason of its contamination by leaky sewers, the evil effects 
of which may be carried to considerable distances. All subter- 
ranean water must be looked upon not as so much inert matter, but 
as always on the move ready to carry the influences of pollution in 
the directions of its flow. It has often been observed that on 
sloping ground disease due to excremental pollutioTj occurs only on 
tbe lower side of a street, under the houses of which tbe under- 
ground current of water is poisoned by a leaky sewer, or other 
receptacle of frocal matter, while the houses located above the 
sources of pollution are healthy. 

^29B.—May enteric fever he caused by water ? 

It xnay^ and this is now n well recognised fact, enteric fevser 
has in a vast number of outbreaks been shown to be due to 
the contamination of water by the excreta of patients suffering 
from the disease. This is so well recognised as to need no further 
insistance here. 

2296 .- What is the relation of enteric fever to vmter pollution f 

There is a constantly increasing amount of evidence accumulat- 
ing in proof of the polluted water origin of enteric fever, and in all 
probablilitjr this is the most common cause of the disease. 

Water is on e of the most important agencies in the spread of 
enleric fever* While water polluted even with excremental fil& 
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]bMi oftea been drunk for years by numbers of people wifeb perfeoA 
iaapaoity so far as tbe appearance of enteric fever is ooncerned* ikm 
iH^test contaminatiou with the excreta of a case of enteric fever 
has over and over again been found to result in widespread out^ 
breaks of the disease, the incidence of which in such instanoei 
exactly follows the distribution of the water, and affects only those 
persons who drink it. The virulence of the water-borne poison is 
not dependent upon the organic matter in the water, but upon the 
specific pollution. Thus an outbreak of enteric fever at Bedhill and 
Gaterham in 1879 was traced by TuoaNS Thorns to pollution of one 
of the adits at the Gaterham Waterworks by the excreta of a workr 
man suffering from a mild attack of enteric fever, the organic 
impurity of the water, as shown by analysis, being extremely smalh 
A sudden outbreak at Guildford in 1867 was found by Buchanan to 
be limited to houses supplied by certain mains, which, upon one 
occasion only, ten days before the outbreak, bad contained water 
from a well into which sewers were leaking. Here the analysis 
clearly showed pollution by sewage. 

2297. — rr/ia^ is Sir W. Jenner*s opinion with regard to the con» 

taminated water origin of enteric fever T 

The spread of typhoid fever is, if possible, less disputable than 
the spread of cholera by the same means. Solitary cases, outbreak^ 
confined to single houses, to small villages, and to parts of large 
towns, cases isolated, it seems from all sources of fallacy, an4> 
epidemics affecting the inhabitants of large though limited boun- 
daries, have all united to support by their testimony the truth of 
the opinion that the admixture of a trace of faecal mauter, but espe- 
cially the bowel excreta of typhoid fever, with the water supplied for 
drinking purposes, is the most efficient cause of the spread of the 
disease. In any given locality enteric fever is limited or otherwise, 
just in proportion as the dwellers of that locality derive their sup- 
ply of drinking water from polluted sewers. 

2298. — Cun you refer to any instances hearing upon this poM ^ 

Yes ; an outbreak is recorded at a place iu which the water of 
the adjacent river was for years contaminated by ordinary sewage, 
but those using the water were not known to suffer in any wav. 
A case of eiitei ic fever was imported into the village with the result 
that the disease occurred in an epidemic form in those using the 
river ^vater. 

2. Dr. Thorne Thorne’s well cases in which workmen defascat- 
ing near the well caused enteric fever. The cessation of the use of 
the well water was associated with a simultaneous disappearance of 
enterie fever in the community. 

2299. — was the late Dr. Bunn’s opinion upon this point f 

The late Dr. W. Bunn said, in a letter to the late Dr. Parkes,— 
** In the cases in which the poison is conveyed by water, infection. 



i 82 WATBB; CjfjMtt'I# 

ft^tns to bemtioh more certain ; and I haTe reason to think thM the 
fieriod of incubation is materially shortened. An illustration of this 
•eems to be furnished by the memorable outbreak which occurred at 
Oowbridge some years aco, and which presented this unexampled 
fact : that out of some 90 or 100 persons who went to a race ball 
at the principal inn there, more than one^third were within a short 
time laid up with fevpr. In this case there was satisfactory reason 
to think that the water was contaminated, though there was no- 
ohemical examination.** [In the attack at Guildford, however, the 
incubative period was not shortened, as Dr. Buchanan calculates it 
at 11 days ; neither was it shortened in that at Caterham.] 

2300 . — Whai was Dr. Thokne Thob,ne*s opinion upon the Winterton 
, outbreak ? 

The epidemic prevalence of fever in Winterton is undoubtedly 
to be ascribed to the disgraceful state of the privies, cesspools, 
ashpits, and wells. With the exception of about six houses, where 
water closets have been constructed, all the cottages are provided 
with privies, which are generally built of brick, and have an aper- 
ture on the sides or back through which they can be cleaned out. 
This aperture 1 found open in almost all instances, and the result 
of this is that the contents of at least half the privies in the town 
run out into the gardens, soak into the earth, and'penetrate in many 
instances into the wells besides producing the most offensive 
odour. In addition to this, many of the tenants either throw their 
refuse and slops, including urine, into the yards, outside their doors, 
or else they improvise a receptacle by digging in the ground close 
to the aperture in the privy wells. The faecal matters pour into 
it, and tney thus add to their previous list of nuisances that of an 
open cesspool. In some instances ashpits have been built, but these 
are uncovered, and since urine and the bowel discharges of the 
typhoid patients are thrown into them in addition to other refuses, 
they are but little better than open privies. All the sources of 
faecal fermentation are situated as a rule, close to the house, and 
in some instances, within a few feet of the back doors, and just 
under the windows. 

The wells are also in their immediate neighbourhood and 
many of the inhabitants informed me that their water was so bad 
that they had been compelled to discontinue drinking it. In one 
instance I found the space between two pigstyes entirely occu- 
pied by a well 3 feet in diameter. Fever is present in the house 
to which the well is attached, but since the occupants do not use it, 
the necessarily contaminated condition of the water cannot be 
considered to bear upon the disease. Giving the existence of typhoid 
fever in a town, it is hardly possible to conceive of conditions 
more favourable for its spread than those existing in Winterton,* 


* Local GoTtvemment Beporta, 1867. 
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8301.— TFiZZ decom^sing sewage in water produce enteric fever^ 
or must the evacuations of an enteric patient pass into 
the water ? 

This is the part of the larger question of the origin and pro- 
pagation of specific poisons. It is certainly remarkable, that the 
range of oases recorded by Schmitt, have uniformly the possibility 
of the passage of enteric stools disregarded. Everything is attri- 
btited to faecal matters merely. A case recorded by Dr. Downes 
in which sis cases of enteric fever resulted from the over- 
flow of non-enteric sewage into a well supports this view. On 
the other hand in the cases recorded by Allbutt and Whla.rb, 
contaminated water has been used for some time without producing 
enteric fever. Persons affected with enteric fever, then entering the 
place, their discharges passed into the drinking water and then an 
outbreak of enteric fever followed. An extremely strong case is 
given by Ballakd, where very polluted water has been used for years 
by the inhabitants of the village of Nunney without causing fever, 
when a person with enteric fever came from a distance to the 
village, and the excreta from this person were dashed into the 
stream supplying the village. Between June aud October 1872, no 
less than 76 cases occurred out of a population of 832 persons. All 
those attacked drank the stream water habitually or occasionally. 
All who used filtered rain water escaped except one family who used 
the water of a well only 4 or 5 yards from the brook. The case seems 
quite clear first, that the water caused the disease, and secondly 
that though polluted with excrement for years no enteric fever 
appeared until an important case introduced the virus. 

PositiA’e evidence of this kind seems conclusive, and we may 
now safrly assume that the presence of enteric evacuations in the 
water is necessary Common fcpcal matter may 2 ^^’oduce diarrhoea, 
which may perhaps he febrile, btif for the 2 ^'^oduction of enteric 
fever the specific agent must he present. The opinion that the stools 
of enteric fever are the special carriers of the poison was first 
explicitly stated by Oonstatt and was ahso ably argued by W. Budd. 

2302.-Giyc soine particular instances in which specific CQntamina-> 
tion of IV ater has produced enteric fever. 

In 1860 an outbreak of enteric fever occurred at the Convent 
of Sisters of Charity at Munich ; 31 persons out of 120 were attacked 
between 15th September and the 14th of October with severe ill- 
ness, and 14 of these cases were true enteric ; 4 died. 'I'he cause 
was traced bo wells impregnated with much organic matter (and 
among other things enteric dejections) aud containing nitrates and 
lime. On the cessation of the use of this water the fever ceased. 

2. The propagation of enteric fever in Bedford w’ould cer- 
tainly appear from Sir J Simon’s report to have been partly 
through the medium of water. 

3, In 1862 a very sudden and severe outbreak of enteric fever 
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ium barrack at Munich was traced to water imprej^nated with Isaaal 
iBtatter-^on ceasing to use the water the disease disappeared. 

3. In 1866 enteric fever broke out in a girl’s school at Bishop- 
stoke near Southampton and was traced unequivocally to the burst- 
ing of a ^ewer pipe into the well. The water was disagreeable both 
to smell and taste. Seventeen or 18 persons were affected out of 
26 or 28. 

5. Several yerf striking instances are recorded in Sir 
J. Simon’s report by Drs. Seaton, Buchanan and Thorne, and in 
some of these analysis of the water were made which showed it to 
be impure and to contain organic sewage or its derivatives. 

6. Dr. DeRenzy, the Sanitary Commissioner of the Punjab, 
has also published a remarkable paper on the extinction of enteric 
fever in Millbank prison, and showed from the statistics of many 
years, that the fever has entirely disappeared since the use of 
iTiames water was given up, the disappearance was coincident with 
the change in the water-supply. 

7. A destructive outbreak took place at Caterham and Redhill 
during 1878. This was investigated by Dr. Thorne Thorne, who 
traced it to the contamination of the water-supply by the stools of a 
workman suffering from mild enteric fever, who was employed in 
the Company’s wells. 'Ihe disease was confined to those who con- 
sumed the water and ceased after the wells were pumped out and 
cleansed. The inmates of the Lunatic Asylum and the detachment 
of troops at Caterham barracks used the water from the Asylum 
well and did not suffer. 

2303 . — Two questions arise in connection with this subject, what 

are they ^ 

That enteric fever Undoubtedlys pread.s by (1) water and (2) 
through the air. 

2304 . — is the proportion of cases disseminated by air ? 

No relia'de answer can yet he given to this question. 

2305 . — Is the specific contamination of enteric fever production held 

universally ? 

No. This view is not shared by some Army Medical Officers, for 
in tropical climates it is often impossible to connect an outbreak of 
typhoid with the contagion of a pre-existing case. 

That water may be the medium of propagating enteric fever 
thus seems to be proved by sufficient evidence ; and it has been 
admitted by men who have paid special attention to this subject, as 
Jbnner, yf, Buud, and Simon. 

The deficiency of water leading to insufficient cleansing of 
sewers has a great effect on the sjiread of enteric fever and of 
choleraic diarrboBa ; and cases have been known in which outbreaks 
of the latter disease have been arrested by a heavy fall of rain. 

In several of the cases mentioned above, the proof of specific 
pollution was incomplete, and many authorities have held that 



585 


XXVII.] DISEASE AND IMPDBE WATER. 

sewiilje-polltlfced water may acquire the property of causing enteric 
lerver in those who drink it, without the access of enteric excreta. 
In country districts, where the movements and identity of every 
person coming into the locality are easily traced, it has often heen 
round impossible to obtain evidence of specific pollution of water 
which was nevertheless instrumental in spreading enteric fever. 
On the other hand, it is clear that something beyond simple excre- 
mental pollution is necessary to account for the sudden acquisition 
of morbific properties in a water which has long been polluted ; and 
moreover, attacks of enteric fever may be so mild as to escape re- 
cognition, nor is it safe to disregard the possibility that the specific 
poison may gain access in ways as yet unsuspected. Opon the 
whole it is perhtqps most reasonable to withhold judgment upon this 
point, and to affirm only that sewage-polluted water may convey 
enteric fever without the addition of the excreta of known previons 
cases of the disease. 

2306 . — State some of the important facta connected with the 
hygienic relations of enteric fever. 

This endemic fever kills some five or six thousand people annu- 
ally in England and Wales out of a population of twenty-six mil- 
lions, or 0‘2 per 1,000. 

The poison of typhoid indubitably exists in the bowel evacua- 
tions of those suffering from the desease, and hence is very fre- 
quently introduced into drinking-water, which, as is now well 
known, thus becomes a chief, but by no means the sole agent in 
the distribution of typhoid. 

Moreover, it is now pretty generally accepted that the germ of 
typhoid is a bacillous { Bacillus typhosus, E. Corth), or rod-shaped 
Schizomycete. 

lb is stated that inoculation experiments made with this bacillus 
have been successful (Henkel u. Simmonds’ ‘Die jEtiol. bed, des 
Typhus bacillus’). But long before this discovery was announced the 
•connection between typhoid and water-supply had been one of the 
best established conclusions of scientific medicine ; and the discovery 
of the active bacillus of typhoid seemed from a publichealth point 
of view merely to support the definite conclusions arrived at by 
statistical and individual inquiries into the causation of the disease. 

The proofs of this assertion lie elsewhere. In 1854 typhoid fever, 
then the scourage of Millbank Prison, which drew its water from the 
polluted Thames, was practically extinguished by the cessation of 
the old supply and the adoption of a water-supply from the deep 
artesian well in Trafalgar Square (‘Lancet,’ 1872, 1. p. 787). 

2307 • — Does the auhaoil filter out diseased germs from water pass^ 
ing through it to wells ? • 

In all probability it does not. 

The epidemic of enteric fever at Lansenne in Switzerland where 
the specifically infected water which caused the outbreak had 
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pfuftfted underground through the earth for a distance of half a 
inile shows that filtration which was found at the time suffioient to 
prevent the passage on finely ground flour previously mixed with 
the water was not capable of destroying or removing the specifio 
disease poison. 

' 230St — Has impure water any relation to the production of yellow 
fever f • 

It has, but that relation is still unknown, Boudin quotas a 
case from Rochard in which a French frigate (in 1778) took in 
water at Sau Jago, where yellow fever prevailed. Some days after- 
wards yellow fever broke out with such violence that two- thirds of 
the crew were attacked. “ And the proof that the only cause was 
the water,” says Rochard, ** was that the persons living with the 
captain had with them jars filled with water from Europe, and all 
escaped.” Boudin very properly observes that this evidence is very 
defective ; but yet we must remember how completely the propaga- 
tion of marsh and enteric fevers, and of cholera by water, has been 
overlooked, and how exactly this sudden and extensive attack 
yesembles the case of the “ Argo.” 

The Barrack Commissioners have also directed attention to the 
fact of the great impurity of the water at Gibraltar at the time of 
the yellow fever epidemic ; a difiiculty which still remains to be dealt 
with ill the event of the introduction of any epidemic disease. 

As, like dysentery, typhoid fever, and cholera, the alimentaiy' 
mucous membrane is primarily affected in yellow fever, there is 
an priori probability that the cause is swallowed also in this case 
andf that it may possibly enter with the drinking water. But no 
good evidence has been yet brought forward. 

2309. — May diphtheria arise from drinking water ? 

Diphtheria is not usually propagated through the medium of 
drinking water, but cases favouring such a view have been recorded. 

2310. — Is there any truth in the assertion that urinary calculi may 

arise from water f 

Urinary calculi were at onetime supposed to arise from the- 
use of hard water, but this view is now generally abandoned from 
want of any definite proof. 

2311 . — What is the relaticm between calculi and certain impunties 

in water? 

It has long been a popular opinion that drinking lime watere 
gives rise to calculi (calcium phosphate and oxalate). Several medi- 
cal writers have held the same opinion, and have adduced individual 
instances of calculi (phosphatio P) being apparently caused by hard 
waters, and cured by the use of soft and distilled water. On a large 
scale, statistical evidence is apparently wanting. The excess of cases 
of calculi in Norwiob and Norfolk generally is not, in Dr. Richard- 
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Aov’s opinion attributable to the water. Dr. J. Muabat» of ^ewcaatle^ 
has given some evidence to show a connection between the lime 
waters and calculi, especially phosphatic, but it does not appear to 
be more convincing than that previously adduced. 

At Canton stone is common, while at Amoy, Shanghai, INingpo,. 
and other places, it is not met with. The cause of the difference is 
not known, but it is not calcium carbonate in the water, as the 
Chinese always drink boiled water. 

2312 What effects may wrisefrom excess of mineral salts f 

Dyspepsia, diarrhoea or constipation, goitre etc., the effect 
depending upon the nature of the salt present. 

Goitre, a swelling of the thyroid gland in the neck, is often 
Associated with free use of drinking water from magnesian limestone 
iormatious. In some parts of Yorkshire, Deri)yshire (hence the name 
“ Derbyshire neck”), Hampshire, and Sussex, it still prevails, though 
much less commonly than formerly. In Switzerland cretinism, & 
^jongenital form of idiocy, frequently occurs in the same districts as 
goitre, and is apparently etiologicaily connected with similar con- 
ditions The exact origin of goitre is still uncertain. In many mag- 
nesian limestone districts it is unknown, while in some districts 
where this formation is absent, cases of goitre have occasionally 
occurred. The latest view is that sulphide of iron is the cause of 
goitre, and it is said that thisds always present In magnesian lime- 
.stone districts. Others hold that a miasmatic poison in the water 
is necessary for the causation of goitre, in addition to the metallic 
salts. 8ome believe that an organic poison of an unknown kind 
must be associated with the magnesian limestone to produce the dis- 
ease. The view that the disease is due to iron pyrites and other 
salts of iron and copper often found m limestone regions is grow- 
ing in favour; while others consider that the concurreiit agency of 
some organic material is necessary. “Goitre appears to have been 
developed, under the use of certain drinking waters, in as few as 
eight or ten days. Urinary calculi are common in Norfolk and other 
chalk districts where the water is hard ; but the dependence of the 
calculi upon the hardness of the water is far from being established. 
A good drinking water should not exceed 4 degrees of permanent, 
or zO of total hardness. It is estimated that each degree of hard- 
ness involves a waste of upwards of a pound of soap for every 1,000 
gallons used in washing.”* 

[There is however a general belief that goitre and glandular 
swellings, as well as the prevalence of urinary calculi in certain dis- 
tricts, are associated in some way with the use of hard waters. Not* 
withstanding the fact that goitre appears to be due, in many in- 
stances to the water used for drinking, the impurities in the water 
which favour hypertrophy of the thyroid glan^ in some districts, are 
not those found in the water of other goitrous districts.] 

•Whit»l«gg»*s Hygiene and Public Healthy p.88. 




M8 WAVSS. [pabt: 

83 ^ 3 .*^i)od 0 the magmMian ihm^ hold ^ood i% aU 

regions ufkere goitre tf prevalent ? 

No ! for in many places analyses of the water gave complete 
absence of magnesia, such as Aheims, Auvergne, Bertrand, etc. 
the lime theory always true f 

It is not ; in some cf^ses no lime has been found in the water. 

2315. — TV’/wxt are i/ie circ-amstances connected with the occurrence 

of goitre in certain parts of India ? 

In certain parts of Oudh, such as Ghurwal, Kamaon, etc., about 
S3 per cent, of the inhabitants are said to suffer from goitre ; yet in 
the water-bearing stratum consisting of clay-slate, only 6*4 per cent, 
of the population are affected, and with granite only 2 per cent. 
Here the chief mineral impurities are lime and magnesium limestone. 
We have seen the inmates of one girls* school in a Himalayan station 
become affected with goitre, while those of other schools not re^ 
motely situated from it, were Iree from this disease. The only appa* 
rent difference was the existence of magnesium limestone in the 
water consumed by the former, and the absence of this mineral in 
the latter. In these two the Author had the waters analysed by 
Professor Mubuay Thompson of the Roorkee Engineering College.* 

2316. — Are goitre and cretinism related ? 

They are said to be related both pathologically and etiologically. 
This rule is certain that whenever from yV to ^ of the population 
suffers from goitre there cretinism is found. It affects lower animalft 
as dogs and cats in areas where men suffer. 

Goitre sometimes may be rapidly produced. Bally noticed that 
certain waters iu Switzerland would cause it even in eight or ten 
days, and cases almost as mpid have occurred in other places. 

2317. — What diseases are brought about by the constant use of 

hard water ? 

Goitre or bronchocele, cretinism, stone in the urinary passages, 
dyspepsia, and diarrhoea alternating with constipation. The 
continual consumption of such water is said to produce an irritable 
condition of thealuminating tract. It may also, it is said, produce 
intestinal concretions. 

2318. — What effects is a hard water said to have on hones t 

It is said to produce excessive oxidation of the bones at the 
base of the skull. 

2312.— E^nwmerate the animal parasites which hove been alleged id 
have been found in dunking water. 

1. Taenia lata (Bothriocephalus latus), or of both this and the 
taenia solium and embryo of former. 

* Autbob's Hygiene of Water and Wafer Supplies. 
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2. Distoma hepatioum (flake)— the eggs being developed ia 

water. 

3. Ascaris lumbricoides (round worm). 

4. Filaria dracunculus (guinea- worm). 

5. Filaria sanguinis hominis. 

6. Oxyuris vermioularis.^ 

7. Dochinius duodenalis (Strongylus duodenalis, Sclerostoma 

duodenale, Anchylostomum duodenale). 

8. Bilharzia hoBmatobia. 

9. Sanguisuga medicinalis (the speckled leech), S. offlcinalis 

(the green leech), and other species of leech. 

2320 . — How doee the Filaria sanguinis hominis affect the human 
being through water ? 

The embryo is taken into mosquito’s stomach with blood of 
persons infected with this parasite ; it begins developing and is 
then transferred to water and so back to man. 

2321 .. — How may leeches 'prove serious parasite forms ? 

By attaching themselves to the throat and larynx and pro- 
ducing bleeding and emaciation. 

2322 . — How does the guinea-tvo'im, or Filaria dracunc'tilus gain 
entrance ? 

It is said to penetrate into the subcutaneous cellular tissue of 
the legs of bathers. Against such a view however there is accu- 
mulating evidence. The writer feels positive that invasion through 
the skin is most exceptional and that the main cause is the drink- 
ing of water containing the ova of this ‘ w^orm.’ 

The introduction by water of filaria has long been a favourite 
opinion. It has been a matter of debate whether it is taken into 
stomach as drink, and thence finds its way (like Triclinia, spiralis to 
the muscles) into the subcutaneous cellular tissue, or whether it 

£ enetrates the skin during bathing or wading in streams. The 
ttter opinion seems to he the more probable in the majority of 
cases. 

2323 . — How does the Filaria sanguinis liommis find its way into 
the blood of man ? 

In a peculiar manner. 3)r. Man son has found that the mosquito 
18 an active agent in the propagation of filaria. The embrjros are 
taken into the mosquito’s stomach with the blood of persons infected 
by the heematozoon, the further development of which shortly 
begins in the stomach of the mosquito. Thence they are transferred 
to the water, whence it is assumeJd that it again finds entrance into 
the body of njB'n. ^ 

2324 » — Enumerate the parasites, the ova or embryos of which are 
found in water and may he consumed by man* 

The embryos or eggs of the following parasites have been found 
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m water, and may be taken into the stomaoh of man, when anoh 
wrater is used for drinking. They are Tsenia solium, Bothrioce- 
phalus latns, Ascaris lumbricoides (round worms) Oxyuiis 
vermicnlaris (thread worms), Filaria sanguinis hominis, the 
embryos of which are suoked from the blood by moscmitos, and then 
transferred bo water, Bilharzia hsBmatobia (r) and Distoma hepati- 
•cum (lifer fluke of sheep). 

8325 . — Does the Ascaria lumbricoides {round worm) gain access to 
the alimentary canal through water f 

It appears that they may sometimes enter the body through 
drinking water. At Moulmein, in Burmah, during the wet season, 
and especially at the commencement, both Natives and Europeans, 
both sexes and all ages, were forty years ago, so affected by 
lumbrici that it was almost an epidemic. The only circumstance 
•common to all classes was that the drinking water, drawn chiefly 
from shallow wells, was greatly contaminated by the substances 
washed in l)y the floods of the excessive monsoon which prevails 
there. Dr. Paterson has also noticed similar facts in England. 
[The oxytiris vermicnlaris is also sometimes taken in through 
water]. 

2326 . — How does the As car ides lumbricoides gain access to water ? 

Leuckart has no doubt of the passage of the ascarides' eggs into 
drinking water ; and, indeed, they have been actually seen in the 
water by Mosler, But it seems yet doubtful (as all experiments 
have failed in producing from the drinking water the worms in 
Animals) whether the eggs alone will suffice, and it seems 
possible that they must pass through some other host before de- 
veloping in the human intestine. This is also the opinion of 
CoBBOLD. Mosler attributed in his case much influence to the large 
Amount of vegetable food taken by the persons afEected. 

2327 . — Which of the tape-worms may reach the body through 

drinking water ? 

Both embryo and eggs (but principally, or perhaps entirely, the 
former) exist in the river water. The ciliated embryo moves for 
fleveral days very actively in water ; it may after a time lose its 
ciliary covering, and then, not being able to move further, perishes 
or it may find ite way kilo the body of some animal, and there de- 
velop into the Bothriocephalus latus, 

2323 . — The embryos of the Bilha/rzia hosmatobia a/re said to live in 
water, whatfcueis cure on record for and against this view t 

From the observations of Griesinger, John Harley, and 
OoBBOLX), there seems no doubt that the embryos of this entozoon 
live in water, and the animal may be thus introduced probably by 
the medium of some other animal. Dr. Baiho doubts, however, this 
introduction by water, since the entozoon occurred in persons 
using rain water amd pure mountain stream water. 



'CHAF. Zxyill.] SBLF-PUBIFICATIOM OV BUNNINO WATER. 591 

MBUB^’^How doeB the Distoma develop f 

' The eggP pf the Distoma hepaticum (Fasciola hepatica) are 
-developed m water, and the embryos swim about and live, so that in- 
troduction in this way for sheep is probable, and for men is possible. 

2330. — ^re auy of the specific diseases due to drinking infected 

water ? 

A few are certainly due to this cause. That some of the specific 
diseases are disseminated by drinking water is a fact which has only 
«,ttracted its due share of attention of late years. It is certainly one 
of the most important steps in etiology which has been made in this 
•century, and the chief merit of its discovery is due to the late Dr. 
Snow. 

2331. — What are the dangers that are associated with the presence 

of leeches, especially of small leeches, in water? 

The swallowing of small leeches, which may fix on the pharynx, 
and in the posterior nares is a serious matter. Cleghorn noticed 
that coughs, nausea, and spitting of blood were thus caused. In a 
march of the French near Oran, in Algiers, more than 400 men were 
at one time in hospital from this cause. In some cases the repeated 
bleedings from the larynx have simulated haemoptysis and phthisis, 
apd have produced anmmia. A leech, once fixed, seldom falls off 
spontaneously. In India no accidents of this kind are on record, yet 
we must assume that they do occasionally occur. 


CHAPTER XXVIII. 

Self-purification op Running Water. 

2332. — What conclusion did the Rivers Pollution Commissioners 

come to in regard to the self-purifying power of water ? 

The Rivers Pollution Commission state, on the experiments 
made by them with a view to the solution of this ^estion, that “ it 
will be safe to infer, that there is no river in the United Kingdom 
long enough to effect the destruction of sewage by oxidation.*’ 

2333. — Has running water such ous that of streams the power of 

self -purification ? 

Many authorities hold that running water has an intrinsic power 
purification, that the oxygen of the air dissolved in the water is 
Bumcient to oxidise and render harmless all the organic matters con- 
tained. Were the impurities limited, doubtless this would hold 
good, but on the banks of all large rivers, towns are situated one 
below the other, so that there is scarcely time fof^one source of con- 
tamination to be rendered innocuous, before others are added. Upon 
this ]^int an interesting experiment was carried out (if we remem- 
ber rightly by Dr. P. Franklani)) to show the fallacy of such a 
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view. Distilled water, to which a varyin^E quantity of, 
was added, was caused to circulate autotaatipally in a speoiaUy 
constructed small circular metal drain. After it "had tra- 
versed the drain a number of times representing a distance greater 
than that of any river in England, he found the water to ue Still 
impure. 

The same erroneous notion with regard to the self -purifying 
power of the water of rivers prevails with regard to all large bodies 
of water, such as those of tanka, lakes, and large reservmrs. We 
would here state that no ordinary source of water-supply has such 
self- pu rifying power inherent in it. 

When once a river or stream is contaminated by human ex- 
crement, it is almost impossible to state when its water becomes 
once more pure and fit to drink. 

Although river water is seldom even approximately pure, it 
may usually be safely imbibed when the experience of those who 
have used it for a long time has proved its general wholesomeness. 
But absolute reliance should not be placed on this good reputation, 
for under special circumstances river water may become dangerously 
contaminated. In some instances, and at particular seasons, this is 
specially the case with large rivers. The smaller the stream, the 
more jealously should it be watched, and the more carefully should 
it he protected from contamination. 

Drying up rivers and streams occasionally become the means of 
the propagation of disease from thoir having been infected at a 
higher level. 

The decomposing vegetable matter washed into rivers by the 
rains is a frequent source of “malarial” diseases. 

2334 . — What is Frankland's opinion with regUrd to the self -puri- 

* fication of river water in England ^ 

That there is no river in the United Kingdom long enough to 
86001*6 the complete oxidation of the soluble animal matter present 
in polluted water if that pollution he from sewage matter. 

2885 . — How is sewage purified in rivers ? 

( 1 ) The oxygen dissolved in the water oxidises the organic matter^ 
the free colouring matter of aquatic plants gives out oxygen in the 
nascent state which helps to do the same, the solid and suspended 
organic matter is consumed by fishes and other aquatic animals, the 
organic matter readily subsides and lastly the large volume of water 
oompared with the small volume of sewage helps to oxidise the 
i^ganic matter. 

2338 .— sewage he allowed to enter rivers T 

not in its crude state or before it ha«i been «ul:Hect|>d 
some form of puridcation, such as downward intermittent miration^ 
inrigatiou, or treated by some chemical prooess which ^dbelds w 
effluent which has a certain standard of purity. . ^ « 
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It has been shown experimentally that there is no river in 
England long enough to complete the oxidation of sewage matter 
before it reaches the sea. 

a837.— 1^^^ are the natural forces in operation in fleers to help 
toioards the purification of the vjaier if contaminated by 
sevmge ? 

(a) . Dilution. 

(b) . Subsidence of solid contents. 

(c) . The action of oxygen dissolved in the water. 

(d) . Fishes. 

(e) . Plants. 

8d38.-Tl^/ta^ are the chief causes of the pollution of rivers ? 

. By the sewage and dirty waters from towns and of trade refuse 
mixing with the river waters. 

2339 . — Hom does the refuse liquids from manufactories affect rivers ? 
Give an instance. 

Waste liquids from different manufacturing operations meet 
and cause the formation of new, and in many eases, inso- 
luble compounds. Suppose, for instance, that we have a wire-work- 
ing establishment or any other iron-works, and that for any purpose, 
the iron is cleaned by sulphuric acid, and, as is often the case, the 
copper, or sulphate of iron, is allowed wholly or in part to go to 
waste. Suppose also there is a tannery below, the spent liquids from 
which run into the same stream, the result may be that the stream 
is converted into ink l»y the chemical action which takes place between 
the two waste liquids ; the ink may be very dilute, to be sure, but 
the water might be too black to drink or to use for any domestic 
purpose. 

In such a case, no doubt, the chief cause of the clearing of the 
water is the deposition of the coloured particles which make up the 
ink. Every one knows that some varieties of ink become blacker on 
exposure to air. The ink formed by mixing copper and tannery 
waste would change by the action of the oxygen ot the air, but tbei^e 
would be no considerable destruction of organic matter ; the improve- 
ment in appearance would be due to subsidence. 

•2340.— 7^0 what extent docs S ubsidvnce tend to depurate running 
•water ^ 

Much waste material thrown into rivers is made up wholly or 
in part of substances insoluble in water. A portion, and a very cou* 
siderable portion, even in a running stream, is deposited upon the 
bottom or stranded upon the banks. This deposition can often be 
very plainly observed in the immediate neighbourhood of the points 
oi aisoharge. Other chemical ohanges, besides that of oxidation 
allndod to a^ve, take place, especially where the refuse is that from 
^ mauufaotori«B. 

88 
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pno^n hetiiM *vM6km* help in &tM pu^- 
e^Uon tif rtmning water ? 

Altbougii it is not practioable, in the case of a running sti'eam, to 
tfp^' thd progress of the destruction of the organic material by 
cu^midii, yet there is no doubt that an appreciable amount is so 
dljimyed. Moreover, a considerable amount of the organic matter 
ia^^s^sumed by fishes and by the microscopic animals which inhabit 
the water, or is converted into simpler compounds through the 
agancy of plants of higher or lower order. 

2342 . — How may the self^purlfication of running ivater he inveeti- 
gated ? 

The alleged self-purification of running streams may be investi- 
gated by laboratory experiment and by observation actually on rivers. 
By passing water in a small stream from vessel to vessel, the Rivers 
Gommissipn in England hjare shown that, not only is a flow of 
twelve miles insufficient to destroy the organic matter of sewage 
w^jpp BG^xed with water in the above proportion of one to twenty, 
a flow bf one hundred and sixty miles is far from sufficing 

i purpose. We know very well that when an organic mix* 

t»#¥e like dilute sewage is exposed to the air, decomposition — chemi- 
cal change — soon sets in, ana many of the substances are altered in 
character. It would, however, probably take an almost infinite time 
in a dilute solution for the oxiaation to proceed far enough for all 
the nitrogen and carbon, which are the characteristics of the organic 
matter, to escape as carbonic acid, free nitrogen or ammonia, or to 
remain as inorganic compounds, as nitrates and carbonates. 

It would appear from what precedes, that there is a liability of 
over-rating the amount of spontaneous purification to which a run- 
ning stream is subject, and it is certain that we cannot decide with 
ooimdence as to when a stream, once polluted, becomes fit to drink; 
moreover, as it is not possible by any practicable chemical treat- 
mjpnt or by any process of filtration to make a polluted water whole- 
some, it is safer not to use as a source of domestic supply a water 
which is known to have been seriously polluted. 

2848.— Dwews the subject of eelf -purification of water. 

(1). Vide answer to last question. 

(5i). Some organic substances are readily decomposed in 
wato*. Thus, urea deeomposes so rapidly into carbonate of am- 
« that it is rarely found in the most polluted waters. On the 
other hahd, bits of muscular flbre, or of ej^thelium, will remain for 
mmitiie in waiter and still be readily i^ec<^tx6d under the mieno* 
eoofip. wldph dncanuflfkse with n^ldity when in a 

pm^a^ent whan dil^^ > 

ffl). Tim Iflf nrs PdUutkm Cwmwion mixed eemm 

I water, in the proportion of one gallon of urine to « 
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(iMpriad) of w»ter« Tlie miicture was agitaiiod Irom %ime to ti|a« 
ana samples taken for analysis. The results, expressed in parts in 
100,000, were as foHaws:— 

Immediately after mixture Feb. 17, 1874 ... 0*282 .i. 0*248 

18, ... 0*208 ... 0#1 

„ 19, „ ... 0*244 ... 0^ 

„ 24, „ ... 0*225 Om 

„ 25, ... 0*214 ... 0*$W 

„ 28, „ ... 0*214 0*^70 

d344u'— OaH the easperiments of the ekemical kthoraiory show all HU 
changes that go on in the process of pnrificaiion of 
running water ? 

In spite of various experiments [like the one just descrii»«d], it 
cannot be denied that some chemical change does take place in a 
polluted stream, and the question arises, whether the readily decom- 
posed substances are the ones which cause the injurious eff^is 
ascribed to impure waters,, or whether the products of their decom- 
position or the more permanent of the polluting substances may 
equally injurious. Then, if the germ theory is correct, an I if 
we know of the permanence of other germs whose growth is trac^lla 
can serve for analogy, we should infer that these germs might Well 
I'esist the action of the air or of the oxygen dissolved in the water. 

3943,— ?FAai is the sia/ndard of purity to he mainUdned in the 
eiPumis info river water as laid down hy the Rivers 
PolMion Commission ^ 

Ail waters— 

1. Possessing an acidity greater than that produced by the 
addition of 0*2 grammes of pure strong hydrochloric acid to a 
litre of distilled water. 

2. Showing an alkalinity greater than that produced b}’ the 
solution of 0*1 gramme of dry caustic soda (sodium hydroxide) 
in a litre of distilled water. 

3. Containing, after acidification with sulphuric acid, mote 
than 0*1 part by weight of pure chlorine to 100,000 parts. 

4. Containing in solution more than 0*2 part by weight per 
100,000 parts of any metal except lime, magnesia, potassium or 
sodium. 

5. Containing more than 0*1 part by weight per 100,000 of 
sulphur in the condition either of sulphuretted hydrogen of a soluble 
Bulphuret. 

6. Containing in solution or suspension, in chemical oombliMr 
tion or in any other form, more 4han 0*005 part by weight ‘itf 
mntHiBc arseme per 100,000 partt^ 

7. Oonttthimg in sue^iBsion more thamO'S'part by weight of 

dry minm:ial matter or 0*1 phrt by weight of dry orgasdo giattieir per 

100,000 parts. " * < ^ i 

3, Cbntaiiiing in soMdou more thus 0^2 part by weig^ ol 
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carbon, oi* 0^03 part by weight of ofgmiic rntrogeii per 

9. Which shall exhibit by daylight a distinct colour when it 
stratum of it, one inch deep, is placed in a white porcelain or 
earthenware vessel. 

2346. — i4re some lakes and streams very pure as to organic 

carhon ? 

Yes ; there are many lakes and streams which supply w ater 
containing not much more than 0*15 part of organic carbon in 
100,000 parts. As a rule, however, the quantity is much more con- 
siderable, and soraetimei the water is dark and unpalatable from 
excess of peaty matter. 

2347 . — In ichat manner is the sewage entering a rkrer got rid of ? 

In three w'ays Ist, by subsidence, the organic matter settling 
to the bottom. 2nd, by the influence of water plants, which assimi- 
late ammonia, nitrates, etc., and give out nascent oxygen. 3rd, by 
oxidation, doubtless a large amount of the nitrogenous matter does 
become oxidised in its course down a river, and in this condition is 
harmless. It is doubtful, however, whether the living and active 
germs of disease he'eome so oxidised. 

In one case, the contagion of cholera was carried 15 to 20 miles, 
by the river Don, from Sheffield to Doncaster. But if this is possible* 
it is strange that in London typhoid fever is not constantly epi- 
demic inasmuch as it is chiefly supplied with water (filtered sewage 
water we may call it) which has received the sewage from 800,000 
people, who live in the towns and villages along the course of the 
Thames above the companies’ intake ; there can be no doubt that 
typhoid fever is always more or less prevalent in these parts of the 
Thames valley. 

Messrs. Odung and Tiby support the view that the supply of 
river water to towns, even below the points where large populations 
have thrown in their sewage, is justifiable and safe after thorough 
filtration. 

Messrs. Fbankland and Voelkeii oppose this view ; and Dr. 
F&ANKf.AND concludes, from numerous experiments, that no river in 
the Utiited Kingdom is long enough to effect the destruction of 
sewage by oxidation, while Dr. A. Hill says that probably living 
matters do not get oxidised by flowing down a river, any more 
than a fish does in a similar bourse. 

Judging by several Parliamentai^ decisions, the general 
cibneensus of opinion is against a river supply below a point at 
which any sewage has been received. 

In the case of the Durham, Cheltenham and Stockton 
Bills, this point has been raised and decided in the House of Lords 
in every instance against the river supply. 

We have no evidence as to the destruction of the poisons of 
diseases in running waters, but we have reason to believe that, 
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oven if tliey are not destroyed, they at any mte do not increase or 
multiply to any extent in polluted waters undergoing self-purifica- 
tion. If it were not so, London, which is so largely supplied with 
a filtered, but nevertheless polluted water from the Thames, would 
not exhibit so low a death-rate;, for we can hardly suppose that 
filtration through sand or gravel can always effectually remove 
or destroy the countless disease germs which would be otherwise 
present in the water. 

3349 .•^What are ihe ohjeriions to thevse of river water ? 

(1) Pollution from sewage, refuse from manufactories and other 
contaminating agencies ; (2) turbidity due chiefly to cla}*, at certain 
.seasons, especially during fr(‘sh6ts; (Jl) high temperature in summer 
in certain countries (not however in England) ; and (4) its being 
coloured if peaty. 

[N.B. — The objection to the same river being a carrier of waste 
and a source of supply is obvious.] 

3349 .— “iSTamc some irodea In which the amount of organic matter 
rpnching o, river in the refuse liquid is beyond ihe Jegcd 
limit. 

In paper-making refuse contains 76*80 paits organic matter per 

100,000. 

woollen-making „ 14.30 ,, „ „ 

,, blanket-making „ „ 19*60 „ „ ,, 

,, flannel-making „ „ 91’1H „ ,, „ 

3360 . — TP/ia< is the great difiadtij in purifyng the refuse fluids in 

these trades ^ 

The highh' deleterious nature of th(' polluting agents contained 
in the fluids. 

3361 . — Jiow may velocity of ihe flow of a stream be expressed ? 

The velocity of flow of liquids is given by the ordinary formula 
of gravity . — 

Y = 2.7/^, or V = 8V;^ : 

in which Y is the velocity in feet per second ; g is the velocity 
ac(juired by a body in falling freel}' from a state of rest, at the end 
of one second, being 32*2 feet per second ; and h is the height' in feet 
thmugh which the body falls. That is to say, the velocity acquired 
in falling through a given height, is equal to 8 times the square 
root of the height in feet through which it falls ; the product being 
the velocity expressed in feet per second. 

3363 .— standard^ of effluent for streams djifl ihe Ji>. P. 0. lay 
down ? 

They stated that any liquid having thc' iol lowing elements in 
10,000 gallons is unfit to enter a stream — 

1. Containing in suspension more than 3 parts by weight of 
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dry mineral matter, or 1 pai*t by weight of dry organic matter per 
1W,000 parts. 

2. Containing in solution more than two parts by weight of 
organic carbon, or 0*3 part by weight of organic nitrogen per 100,000 

parts. 

3. Which shall exhibit by daylight a distinct colour when a 
stratum of it 1 inch deep is placed in a white porcelain or earthen- 
ware vessel. 

4. Contadning in solution more than 2 parts by weight of any 
metal, except calcium, magnesium. potassium and sodium per 100,000 
par^is. 

0. Containing, whether in solution or sue^tension, in chemical 
combiuation or otherwise, more than 0*05 part of metallic arsenic 
per 100,000 parts. 

6. Containing, after acidification with sulphuric acid, more 
than 1 part by weight of pure chlorine in 100,000 parts. 

7. Containing more than 1 part by weight of sulphur iu the 
condition either of sulphuretted hydrogen or of a soluble sulphuret 
in 100,000 parts. 

8. ^ Possessing an acidity greater than that which is produced 
by adding 2 parts by weight of real muriatic aied to 1,000 parts of 
distilled water. 

9. Possessing an alkalinity greater than that produced by 
adding 1 part by weight of dry caustic soda to 1.000 parts by w eight 
of distilled water. 

2353 . — Why does the running water of a river usually contain 
much less mineral matter than spHng water ^ 

The surface water of a river rapidly gives off its carbonic acid 
gas. whereby certain mineral constituents, especially those of lime 
which that gas held in solution, are precipitated. 

Spring water contains much carbonic acid and but little oxygen, 
the former gas giving to such water its fresh, brisk taste. Vej^- 
table organisation flourishes in it, but animal bodies which require 
abundance of oxygen, are but sparingly represented in spring water. 

Certain spring waters contain finely divided particles of silico 
^d mteci Bcales ; especially is this so in certain springs in the 
Himalayas, and it is to these constituents that “ hill diarimoea ” has 
been attributed by some authorities. 
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